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The  Council  deeply  i-egret  to  uiuiouiice  the  death  of  the 
I'resideiit,  Lt..Ck)l.  EDGAR  PAM,  O.B.E.,  A.R.S.M.,  on 
20th  X)eoember,  1045,  after  a  long  illness. 

A  Memorial  Service  will  bo  held  at  St.  Mark's  Church, 
Xorth  Audley  Street,  London,  W.  1,  on  Friday,  11  th  January, 
1U46,  at  11.30  a.m. 


NOTICE  OF  GENERAL  MEETING. 

The  FOURTH  ORDINARY  GENERAL  MEETING  of  the  Fifty-fifth 
Session  of  the  Institution  of  Mining  and  Metallurgy  will  bo  held,  by  kind 
permission,  in  the  Apartments  of  the  Geological  Society,  Burlington 
Hou«\  PiocadiUy,  London.  W.l,  on  THURSDAY,  JANUARY  17th, 
1946,  at  5.30  o'clock  p.m. 

The  foUqwing  Papers  will  be  submitted  for  discussion  ; 

Notes  on  the  Development  of  the  Blyvooruitzicht  Gold  Mining 
Co.,  Ltd.,  South  Africa. 

By  A.  Savilk  Davis,  Member. 

(Published  wUh  November ^  1945,  Bulletin.) 

The  San  Telmo  Ore-body,  Spain. 

By  J.  C.  AiXAN,  Member,  s 

(Copy  cUtached  hereto.) 

A  Projected  Central  Mill  f6r  the  Durham  Fluorspar  Industry. 
By  Andrew  Pkarson,  Member. 
(Copy  attached  hereto.) 

Light  refreshments  will  be  provided  at  5  j).ni.  for  members  anil  friends 
attending  the  Meeting. 


I'he  Council  invito  written  contributions  to  the  discussion  of  Papers 
from  members  who  may  be  unable  to  be  present  at  the  Meetings  of 
the  Institution.  The  Comicil  reserve  the  right  to  edit  and  condense  such 
contributions. 

The  Council  desire  to  remind  members  that  in  addition  to  the  more 
comprehensive  types  of  papers  for  discussion  at  General  Meetings,  they 
welcome  for  publication  in  the  Bulletin  short  notes  recording  data  or 
describing  technical  experience,  which  may  be  of  general  interest  and 
value.  Such  notes  are  governed  by  the  same  rules  in  regard  to  acceptance 
as  ordinary  papers,  but  would  be  open  for  discussion  by  correspondence. 


FIFTY-FIFTH  SESSION  :    1945-1946. 
DATES  OF  SUBSEQUENT  MEETINGS. 

The   following   dates  have   been  provisionally   fixed   for   the   Gensral 
Me<9ting8  of  the  Institution  during  the  Session  1945-46  : 

Thursday,  March  21st,  1940.     Thursday,  May  16t\i,  i04i\. 


IV  THE   INSTITUTION   0¥  MINIKQ  AND   MBTALLITRGY. 


ELECTION  OP  MEMBER  OF  COUNCIL. 

At  ti  Meeting  of  the  Council  held  on  November  8th,  1945,  Mr.  Arthur 
John  Griffiths  Sraout,  J.F.,  Mepnber,  was  elected  a  Member  of  Council 
for  the  remainder  of  the  Session  1945-46  mider  the  provisions  of  Section  IV, 
Clause  7,  of  the  By-Laws,  to  fill  the  varancy  eauned  by  the  resrgnftti^n  of 
Mn.  A.  Broughton  Edge. 


ELECTION  OF  PRESIDENT,  HON.  TREASURER,  AND 
VICE-PRESIDENTS  FOR  SESSION  1946-47. 

I'hc  Council  of  the  Institutiou  have  pleaaure  in  aimounoing  the  oUh^Uoii 
of  the  following  Officers  for  the  Session  1946-47  : 
PrvaidcrU :  Mr.  O.  F.  Layeook,  M,C. 
Hon.  Trcttsurer  :  Mr.  Robert  AnnaD. 

Vtce-PremtlefUs  :  Messrs.  C.  Keith  Allen,  H.  K.  JHohnes,  E.  G.  Lawiord, 
E.  A.  Jjoring,  Andrew  Pearson,  and  S.  E.  Taylor,  D,iSX\ 

Mr.  Laycock,  the  IVesidont- Elect,  was  educated  at  Sts  John's  School. 
Leathorhead,  and  received  his  technical  training  at  miiiies  in  Cornwall  aiKl 
at  the  Redruth  School  of  Mines.  From  1907  until  1910  he  wan  assistant 
to  the  late  Col.  li.  C.  Feilding,  during  which  period  he  visit<.Hl  Newfoundland, 
Siberia  and  Europe.  From  1910  until  1915  he  was  in  charge  of  mining 
operations  in  Turkey  and  Siberia,  for  Messrs.  Hooper,  Speak  &  Feilding. 
the  Cape  Copper  Co.,  Lt<l.,  and  the  Atbasar  Copper  Co.,  LtA,  and  in  tho 
following  three  years  saw  active  service  with  the  Royal  Engineers  (Tunnel- 
ling Companies),  being  awarde<l  the  Military  Gross.  (>n  deivmbiltiuktion, 
Mr.  I^ycock  spent  a  further  year  in  Siberia,  Korea  and  Japan,  but  in 
1920  joined  the  Anglo-Newfoundland  Devek>pment  Co.,  Ltd.,  and  since 
then  Ivas  been  closely  associated  with  mining  and  engineeruig  work  in 
Newfoundland.  Mr.  Laycock  is  Vice-President  of  Terra  Nova  Properties, 
l^t<l.,  a  sulwidiary  of  Anglo- Newfoundland  Development  Co.,  Ltd.,  which 
o^\^l8  all  the  mining  inteit^sts  of  the  latter  company*  in  Ntnvfoundland 
(Buchans  mine,  etc.)  atul  other  {>arts  of  the  world  (Australia,  Canada, 
Arabia,  Nicaragua,  etc.).     He  is  also  a  Director  of  the  Mining  Trust,  Ltd. 


RETURN  OF  PROFESSIONAL  WORKERS  AND  STAFFS 
TO  FAR  EASTERN  TERRITORIES. 

The  ('olonial  Office  has  had  under  (^pnsideration  the  arrangements  to 
))v  made  for  the  ret-urn  to  Malaya,  Hong  Kong,  North  Borneo  and  Sarawak 
of  ]>rofessional  men  and  women  and  tlte  stafTs  of  firms  (other  than  ex-enemy) 
previously  establisheii  in  those  count-ries.  It  is  obviously  desirable  that 
thesi^  men  and  women  should  I'etuni  as  soon  as  practicable  t^o  assist  in  the 
full  restoration  of  the  economic  life  of  the  territories. 

Owing  to  shortage  of  transport,  and  as  the  admission  of  civilians  into 
those  territories  is  at  present  subject  to  the  consent  of  the  military 
authorities,  it  is  necessary  to  devise  a  scheme  for  ensuring  that  the  entry 
of  tlu^se  staffs  and  members  of  the  various  professions  isrogulate<l  according 
to  the  interests  of  the  territory  as  a  whole  in  the  first  pk^e,  and,  secondly, 
so  as  to  ])rovide,  as  far  as  possible,  equality  of  opportunity. 

The  Colonial  ()tVne  has,  theivforo,  decided  to  register  and  clH«sify  jKUsons 
who  have  reason  to  jjroctnrd  to  any  of  the  aboNC  t<»rritorio8  from  the  irnited 
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RETURN  OF  PROFESSIONAL  WORKERS,  ETC, -continued. 

Kingdom,  including  women  and  men  other  than  those  referred  to  in 
paragraph  1.  Such  persons  are  invited  to  apply  in  writing  to  the  Colonial 
Office  (Passages  Depcwtment),  Palace  Chambers,  Bridge  Street,  S.W.  1, 
for  the  necessary  forms  of  application  ;  no  assurance  c^n,  howe\er,  be 
given  at  this  stage  as  to  when  passages  will  be  available. 

This  invitation  does  not  apply  to  the  staff  of  Rubber  Companies  who 
arf*  members  of  the  Malayan  Rubber  Estate  Owners*  Company  and  the 
Borneo  Rubber  Estate  Owners'  Company,  or  to  the  staff  of  Tin  Companies 
who  are  represented  on  the  Rehabilitation  Committee  of  the  Malayan 
Chamber  of  Mines.  In  these  cases  the  Colonial  Office  will  continue  to 
conununicate  with  the  bodies  mentioned  in  regard  to  passages  for  the 
-Staff  of  the  Companies  which  they  represent. 

Similar  arrangements  are  being  made  in  South  Africa,  Australia,  New 
Zealand,  India  and  Ceylon  for  the  registration  of  persons  tempoi'arily 
resident  in  those  territories  who  wish  to  proceed  to  the  territories  referred 
to  in  paragraph  1. 

The  wives  and  families  of  members  of  His  Majesty's  Force?*  who  are 
s«^rving  in  Malaya  or  any  of  the  other  territories  mentioned  above  should 
not  apply  to  the  Colonial  Office.  Information  regarding  the  rejoining  of 
t  heir  husbands  overseas  will  be  issued  by  the  Service  departments  concerned 
at  the  appropriate  time. 


LIBRARY  SERVICE. 

The  Library  has  now  been  brought  back  to  London,  and  applications 
for  books  should  be  addressed  to  the  Librarian,  I.M.M.  and  I.M.E.  Joint 
Library,  424,  Salisbury  House,  London,  E.C.2.  Books  at  present  on 
loan  should  of  course  be  returned  to  this  address.  Members  who  are 
unable  to  visit  the  Library  and  borrow  books  in  person  may  still  borrow 
them  by  post.     It  is  regretted  that  periodicals  CAnnot  be  lent. 


CANDIDATES   FOR  ADMISSION. 

The  Council  welcome  communications  to  assist  them  in  deciding  whether  the 
qualifications  of  Candidates  for  Admission  into  the  Institution  fulfil  the  require- 
ments of  the  By-Laws. 

The  Application  Forms  of  Candidates  for  Membership  or  Associateship  will  be 
open  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  two 
months  from  the  date  of  the  Bulletin  in  which  their  applications  are  announced. 

The  following  have  applied  for  transfer  since  November  8th,  1945  : — 
To  Membership — 

Farrington,^  John  Leonard  (Royal  Engineers). 
Park,  Jemies  Williamson  (Tarkwa,  Qohl  Coast). 
Tasker,  Richard  Beaumont  {Heidelberg,  Transvaal). 

To  Associateship — 

Cowlin,  William  Ronald  (Royal  Engineers). 

Job,  Arthur  Leslie  (Camborne^  Cornwall). 

Pratt,  Norman  (Thames,  New  Zealand). 

Tregay,  Brian  Antony  (Royal  Navy). 

Wright,  John  Richard  {Stntth  African  Etigineer  Corps). 


Vi  THE  INSTmJTION  OF  MINING  AND  MBTALLUBOY. 


CANDIDATES  FOR  ADMISSION-^ocmttnuad. 

The  following  have  applied  for  admission  into  the  Institution  since 
November  8th,  1946  : — 

To  Mbmbebshif — 

Naylor,  Theodore  Rufus  (Royal  Air  Farce). 

Pokomy,  Ernest  Adalbert  {London). 

Talbot,  Harold  Leroy  {KUtve,  Northern  Bhodeaia), 

To  ASSOCIATBSHIP 

Allen,  Lawrence  Wiloock  {Chingola,  Northern  Rhodesia). 
Bolton,  Cedric  Michael  Grey  {Maidstone,  Kent). 
Christie,  John  {KikM,  Norlhem  Rhodesia). 
Foster,  Douglas  Frank  {Doncaster,  Yorkshire). 
Keough,  Martin  {Que  Que,  Southern  Rhodesia). 
Lamba,  Bhag  Singh  {Khewra,  India). 

To  Studentship — 

Bridger,  Denis  {Camborne,  Comtoall). 

Dogan,  Mustafa  Zelsi  {London). 

Dyson,  Peter  Gerald  {Peterborough,  Northamptonshire). 

Halld,  Charles  Edwin  Henton  {Manchester,  Lancashire). 

Hammett,  Peter  Henry  John  {Falmouth,  ComuxMU). 

Moon,  Willifun  Raymond  Collins  {Truro,  Cornwall). 

Royle,  Paul  Gk>rdon  {London). 

Wilson,  Walter  Joakim  {Camborne,  Cornwall). 


TRANSFERS  AND   ELECTIONS. 

The  following  have  been  transferred  (subject  to  confirmation  in  accord- 
ance with  the  conditions  of  the  By-Laws)  since  November  8th,  1946  : — 

To  MEBfBEBSHIP 

Davidson,  William  Sinclair  {Accra,  Gold  Coast). 
Falcon,  Michael  {Johannesburg,  Tnmsfxud). 
Norman,  Clive  Maxwell  {Thames  Ditton,  Surrey). 
Pryor,  Edmund  James  {Wembley,  Middlesex). 
Rogers,  Douglas  John  {London). 
Widker,  Edgar  Aruba  {Tirodi,  India). 
West,  Jesse  {Bara/dn  Ladi,  Northern  Nigeria). 
Williams,  Arthur  Howell  {Arequipa,  Peru). 

To  ASSOCIATESHIP 

Kirby,  Noel  Spencer  {Mt.  Morgan,  Queensland,  Australia). 
Paterson,  Oliver  Douglass  {London). 

Raraewwamy,  Coonigal  Ranganna  {Marikuppam,  South  India). 
Thomson -Jacob,  John  {Oorgaum,  South  India). 

The  following  have  been  elected  (subject  to  confirmation  in  accordance 
with  the  conditions  of  the  By-Laws)  since  November  8th,  1945  : — 
To  Membership — 

Phaup,  Albert  Edward  {Wigan,  Lancashire). 
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To  ASSOCIATBSHIP 

Blair,  Thomas  Hamilton  (Olaagow,  Lanarkshire). 

Groudie,  Laurence  {Kisumu,  Kenya). 

Lambrechts,  Jacobus  de  Villiere  {Johannesbttrg,  TranatKuU). 

Michell,  James  Richard  {Okehampton,  Devonshire). 

Mitchell,  Elvert  Richard  {Estantia,  TranstKuU)  (reinstatement). 

Nicolle,  Owen  Arthur  Mellish  {Owanda,  Southern  Rhodesia), 

Nichols,  John  Gibson  {Derby). 

Ransby,  Peter  Foreman  (Royal  Engineers), 

Roberts,  Henry  Angwin  (Coromandel,  South  India). 

Schindler,  Norman  Rudolf  {Springs,  TranstKuU). 

Somerset,  Francis  John  Burchall  (Royal  Engineers), 

Thorbum,  John  Wood  {Mt.  Isa,  Queensland,  Australia). 

Wood,  William  Olive  (Jos^  Northern  Nigeria). 

To  Studentship — 

Alexander,  Hamish  Johnston  {London), 

Bellman,  Greorge  William  {Chester,  Cheshire). 

aive,  Philip  Alan  ( York). 

Cocking,  Joseph  Albert  {Plymouth,  Devonshire). 

Dyer,  John  {London). 

Gawthrop,  Michael  {Ulverston,  Lancashire). 

Hogg,  David  Jenner  {Bulawayo,  Southern  Rhodesia), 

Lee,  Edward  Michael  Paterson  {Cheam,  Surrey). 

Morris,  Derrick  {London). 

Phillips,  Daniel  Hague  {Luanshya,  Northern  Rhodesia). 

Phillips,  Frederic  Roger  {Slough,  Buckinghamshire). 

Tinker,  William  Haydn  {London). 

Wright,  Kenneth  Paul  {Marikuppam,  South  India). 


MEMBERS   ON   SERVICE  WITH   H.M.   FORCES. 

A  full  list  was  published  in  Bulletin   No.   456,  September,    1942.     The 
following  additions  or  changes  are  supplementary  to  those  already  published. 

Members. 
Captain  E.  E.  G.  Boyd,  Perak  Local  Defence  Corps. 
Lieutenant -Colonel  J.  Weekley,  Perak  Local  Defence  Corps. 

Associates. 
Captain  A.  W,  Bume,  Royal  Engineers  (Promoted). 
Lieutenant  A.  G.  Palmer  ( U.K.  Forces,  not  A  .I.F.  as  published  in  November, 

1944,  Bulletin). 
Major  P.  F.  Ransby,  Royal  Engineers. 

Students. 
Major  W.  R.  Cowlin,  Bengal  Sappers  and  Mitiers  (Promoted). 
Captain  M.  de  F.  Haddon,  Royal  Marines  (Promoted). 
Flight-Lieutenftnt  J.  A.  Konschel,  Royal  Air  Force  (Promoted). 
Squadron  Leader  R.  C.  Pargeter,  Royal  Air  Force  Volunteer  Reserve  (Awarded 

Distinguished  Flying  Cross,  April,  1944). 
Lieutencmt  W.  Symes,  Royal  Engineers  (Promoted). 


VUl       THE  INSTITUTION  OF  BONING  AND   METALLURGY. 


NEWS  OF  MEMBERS. 

Members,  Associates  and  Students  are  invited  to  supply  the  Secretary  with 
personal  news  for  publication  under  this  heading, 

Mr.  D.  G.  Abmstrono,  AssocicUe,  has  left  England  to  return  to  Ashanti 
Goldfields  Corporation,  Ltd.,  Obussi,  Gold  Ckxast. 

^  Mr.  W.  S.  A.  Baker,  Student^  has  arrived  in  England  after  being  released 
from  a  Japanese  internment  camp. 

Mr.  N.  G.  Baix,  Associate,  has  resigned  his  post  with  Noii-Ferroiis 
Minerals  Development,  Ltd.,  and  has  joined  the  stafiF  of  Procea  Products, 
Ltd. 

Mr.  H.  O.  Berryman,  Associate,  has  been  released  from  the  South  African 
Military  Forces  ai\d  is  on  leave  in  England  before  resumiing  his  work  as 
inspector  of  mines,  Tcmganyika  Territory'-. 

Mr.  O.  J.  Blau,  Student,  who  was  a  prisoner  of  war  in  Japanese  hands, 
has  rejoined  the  staff  of  the  Zinc  Corporation,  Ltd.,  Broken  Hill,  N.S.W. 

Mr.  J.  C.  BoLSOVER,  Associate,  is  now  in  England  after  three  years  iii 
the  Tavoy  civilian  internment  camp. 

Mr.  E.  J.  Brooker,  Associate,  has  left  the  U.S.A.  for  Hondui'as,  Central 
America. 

Mr.  W.  Brown,  Associate,  has  left  England  on  liis  return  to  the  Gold 
Coast. 

Mr.  C.  M.  CARROUi,  Member,  has  loft  England  on  his  return  to  Peru. 

Mr.  N.  D.  Chopra,  Associate,  having  concluded  his  service  in  New  York 
under  the  British  Foreign  Office  Volunteer  Scheme,  has  restarted  his 
practice  in  London  as  consulting  metallurgical  and  mining  engineer. 

Cpl.  T.  F.  V.  Cooper,  R.E.,  Student,  expects  to  be  in  England  about 
Apnl. 

Mr.  C.  W.  N.  Craig,  Associate,  has  been  released  from  the  Roval  Air 
,  Force. 

Mr.  C.  C.  CuLLEN,  Associate,  has  been  demobilized  from  the  South  African 
Air  Force  and  has  taken  up  a  post  with  East  Geduld  Mines,  Ltd. 

Dr.  WiixJAM  CuLLEN,  Member,  is  leaving  shortly  for  South  Africa  and 
expects  to  be  out  of  England  for  at  least  three  months. 

Mr.  E.  R.  Dempster,  Associate,  has  returned  to  India  aiter  leave  in  the 
United  Kingdom. 

Mr.  A.  F.  Dick-Clsland,  Member,  has  vacated  his  post  as  an  assistant 
inspecting  officer  of  armcunent.  Ministry  of  Supply. 

Mr.  E.  F.  Elblan,  Associate,  is  now  in  England  after  releagie  from  a 
prisoner-of-war  camp  in  Singapore. 

Mr.  G.  H.  Fatrmaid,  Member,  is  now  in  New  Zeciland  after  his  release 
from  internment  in  Malaya. 

Mr.  J.  H.  French,  Associate,  has  left  the  Transvaal  to  t<ake  up  an  appoint- 
ment on  the  staff  of  the  Guinea  Fowl  Miners  Training  School,  Southern 
Rhodesia. 

Mr.  W.  H.  GoLDSWORTHY,  Student',  ha«  left  England  to  take  up  an 
appointment  as  Inspector  of  Mines,  Nigeria.    , 

Mr.  C.  D.  Hallam,  Associate,  has  left  the  Transveial  and  is  now  in  South 
West  Africa. 

Mr.  P.  T.  Halsey,  Member,  has  relinquished  his  post  as  managing  engineer 
with  the  Royal  Ordnance  Factories. 

Mr.  E.  P.  Hargraves,  Member,  ia  now  in  England  on  a  visit  from 
Australia. 

Mr.  J.  I.  Harris,  Associate,  has  left  the  Ministry  of  Supply  to  take  up 
a  post  with  Sturtevant  Engineering  Co.,  Ltd. 
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Mr.  H.  L.  H.  Habbison,  Member,  has  left  England  for  Malaya  to  resume 
liis  post  with  Anglo-Oriental  (Malaya),  Ltd. 

Mr.  H.  L.  HoixowAY,  M.M.,  M.C.,  AasocicUe,  has  left  England  for  the 
Gold  Coast.        ^ 

Mr.  D.  HoSKiNO,  Student,  has  left  England  for  the  Gold  Coast  to  join 
the  staff  of  Taquah  and  Abosso  Mines,  Ltd. 

Mr.  J.  Hunter,  Aaaociate,  has  left  England  on  his  return  to  Nigeria. 

Mr.  W.  HuTCHiN,  Associate,  has  left  England  for  the  Gold  Coast  on 
taking  up  duties  again  with  Bibiani  (1927),  Ltd. 

Mr.  R.  F.  Jabvis,  Student,  has  left  England  for  India  to  join  the  staff 
of  Mysore  Gold  Mining  Co.,  Ltd. 

Mr.  H.  R.  Kerr,  M.C,  Member,  has  accepted  an  appointment  with  the 
Control  Commission  for  Germany. 

Mr.  R.  KuTTNEB,  AssocicUe,  has  been  released  from  the  South  African 
Air  Force. 

Mr.  A.  Leaver,  Associate,  has  left  England  for  Curacao. 

^Ir.  W.  D.  Leslie,  Student,  has  left  Northern  Rhodesia  to  take  up  an 
appointment  with  the  London  and  Rhodesian  Mining  and  Land  Co.,  Ltd., 
at  Eiffel  Flats. 

Mr.  H.  R.  ^Lk^CKFLUGiN,  Member,  is  returning  to  England  from  India. 

Mr.  R.  K.  McLeod,  Associate,  has  arrived  in  England  on  leave  from 
Northern  Rhodesia. 

Mr.  Gilbert  McPherson,  M.C,  Member,  has  been  appointed  consulting 
engineer  to  Selection  Trust,  Ltd. 

Mr.  D.  M.  Mobgan,  Student,  has  left  England  to  join  the  staff  of  Champion 
Reef  Gold  Mines  of  India,  Ltd. 

Mr.  W.  L.  G.  MuER,  Associate,  has  joined  the  staff  of  the  coal -mining 
section  of  the  Control  Commission  for  Germany. 

Mr.  \V  .  A.  C  Newman,  Member,  has  been  appointed  Chief  Assayer, 
Royal  Mint. 

Mr.  D.  S.  Nicholson,  Associate,  has  been  released  from  the  New  Zealand 
Forces. 

Mr.  C.  Maxweix  Norman,  Member,  has  left  England  for  the  United 
States  of  America. 

Mr.  \V.  J.  S.  Oates,  O.B.E.,  M.C,  Member,  having  been  released  from 
Militarj^  Service,  is  now  in  Kenya. 

Mr.  J.  E.  OoiLViE,  Associate,  has  arrived  in  Scotland  after  release  from 
internment  at  Singapore. 

Mr.  T.  V.  0*Habe,  Assoc%€Uf,  is  now  in  England  after  three-and-a-half 
years'  imprisonment  in  Japanese  camps. 

Mr.  R.  S.  Opie,  Associate,  has  terminated  his  appointment  with  the 
Ministry  of  Supply  in  the  department  of  the  Chief  Inspector  of  Armaments. 

Mr.  G.  C.  Pengilly,  Student,  has  taken  up  a  post  with  Konongo  Gold 
Mines,  Ltd.,  Gold  Coast. 

Blr.  P.  G.  Petbopoulos,  Student,  has  left  England  for  Cyprus. 

Mr.  J.  J.  H.  PoBTEB,  As80ci€Ue,  has  joined  the  staff  of  Messrs.  Fisons, 
Ltd.,  and  has  left  England  on  a  visit  to  the  United  States  on  behalf  of  the 
company. 

Mr.  R.  A.  PxTBVis,  Member,  has  been  appointed  general  manager  of 
Nanwa  Gold  Mines,  Ltd.,  and  expects  to  leave  England  shortly. 


XU  THE  INSTITUTION  OF  MINING  AND   MBTALLIJRGY. 

OBITUARY— ccm^mue<2. 

Lieutenant  Peter  Donald  Hopkins,  Royal  Engineers,  died  on  July 
16th,  1045,  at  the  age  of  30.  He  entered  the  Royal  School  of  ^ines  in 
October,  1933,  and  graduated  with  the  A.R.S.M.  and  the  degree  B.Sc.  (Eng.) 
of  the  University  of  London.  He  joined  the  staff  of  Ex-Lands  Nigeria, 
Ltd.,  in  October,  1938,  but  left  in  1940  to  enlist  in  the  Royal  Engineers. 

He  wa«  elected  a  Student  of  the  Institution  in  1937. 

Reginald  Frank  Kraii  died  on  October  I3th,  1945,  at  the  age  of  72. 
From  1890  to  1893  he  obtained  his  technical  training  in  civil  and  mechanical 
engineering  at  the  Central  Technical  College,  South  Kensington,  and  was 
awarded  the  A. C.G.I.  Diploma  and  a  Works  Premium  Scholarship  of  £50. 
He  entered  the  works  of  Messrs.  W.  H.  Allen  Sons  &  Co.,  Ltd.,  of  Bedford, 
where  he  remained  for  about  fifteen  months  acquiring  a  practical  knowledge 
of  engineering,  and  for  the  next  three  years  was  engaged  as  a  designer  in 
the  drawing  office  of  Messrs.  Stothert  &  Pitt,  of  Bath.  In  1897  he  was 
appointed  chief  engineer  of  the  Cyanide  Plant  Supply  Co.,  Ltd.,  London, 
and  his  work  covered  the  designing  and  supervision  of  plant  for  cyanide 
treatment  and  also  for  crushing  and  concentrating.  He  was  also  com- 
mercial manager  of  the  company,  and  his  connection  with  them  lasted  luitil 
1909,  when  he  set  up  in  business  as  consulting  engineer  and  contractor  in 
metallurgical  plants  and  general  engineering.  Mr.  Krall  gave  up  the 
business  to  enlist  in  the  Army  in  1914,  and  served  for  over  four  yea^  in 
France,  Egypt  and  Salonika,  and  attained  the  rank  of  Staff  Sergeant  in 
the  R.A.M.C.  (T.).  He  held  the  position  in  1919  of  Director  of  Auctions 
(Machinery)  at  the  Ministry  of  Munitions,  and  on  demobilization  took  up 
the  appointment  of  chief  designer,  buyer  and  business  representative  for 
Minerals  Separation,  Ltd.  In  1923  he  joined  the  stafiF  of  Woodall-Buckham 
Vertical  Retort  and  Oven  Construction  (1920),  Ltd.,  as  a  mechanical 
engineer,  and  luitil  his  death  held  a  senior  position  in  the  design  department 
of  that  company,  having  particular  relation  to  the  design  of  coke  ovens 
and  by-product  recovery  plant.  He  spent  some  of  this  time  abroad, 
especially  in  the  U.S.A.,  studying  American  design  and  practice. 

He  was  electod  to  Studentship  of  the  Institution  in  1899  and  to  Member- 
ship in  1906.  He  was  an  Associate  Member  of  the  Institution  of  Civil 
Engineers  and  a  former  Vice-Chairman  of  the  Junior  Institution  of 
Engineers. 

Flight -Lieutenant  John  O^Malley  Lyons,  Royal  Australian  Air 
Force,  died  on  October  10th,  1945,  at  the  age  of  36.  He  was  bom  in 
Aufitralia  and  graduated  in  1930  with  the  degree  of  B.M.E.  of  Melbourne 
University.  He  joined  the  staff  of  Moimt  Isa  Mines,  Ltd.,  in  May^  1931, 
holding  the  positions  consecutively  of  sub-foreman  at  the  smelter,  shift 
metallurgist  at  the  concentrator,  shift  foreman,  and  mill  metallurgist.  He 
left  in  January,  1934,  to  work  for  three  months  aa  assistant  mine  manager 
at  Conunonwealth  Gold  ^)evelopment,  Ltd.,  and  then  spent  another  three 
months  gaining  mining  experience  with  A.I.  Consolidated  Gk)ld,  N.L.  He 
joined  Talbot  Alluvials,  Ltd.,  Victoria,  in  September,  1934,  and  until  the 
beginning  of  1937  was  engaged  in  various  mining  engineering  duties 
connected  with  the  deep-lead  mines,  then  becoming  mine  manager  and, 
foui-  niontlis  later,  general  manager  and  attorney.     He  left  on  the  closing 
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down  of  the  properties  in  1941,  and  joined  the  R.A.A.F.,  where  he  rose 
to  the  rank  of  flight  lieut«nAnt. 

He  was  elected  a  Member  of  the  Institution  in  1944. 

Wolfram  Hermann  Albert  Penseler  die<l  in  Sine  Road  prisoner-of-war 
oATOp,  Singapore,  on  November  2nd,  1944,  at  the  age  of  42.  He  was  bom 
in  New  Zealand,  and  in  1918  studied  at  the  Thames  School  of  Mines,  entering 
the  Waihi  School  of  Mines  in  1919.  From  1920  to  1924  he  was  a  student 
at  the  Otago  School  of  Mines,  Diinedin,  during  which  time  he  also  imder- 
took  practical  metal  and  coalmining  work.  In  1922  he  was  awarded  the 
TTlrich  Memorial  Prize  and  Medal  for  mineralogy  and  petrology,  and  in 
1924  was  granted  the  degrees  of  B.E.  (Mining)  and  B.Sc.  (New  Zealand) 
and  the  Diploma  of  Associateahip  in  Mining  of  the  Otago  School  of  Mines. 
He  subsequently  gained  the  degree  of  B.E.  (Metallurgy)  and  the  A.O.S.M. 
(Metallurgy).  During  1925  he  carried  out  briquetting  research  for  the 
New  Zealand  Government  and  also  continued  his  geological  studies  at 
Victoria  University  College,  doing  research  work  on  the  microstructure  of 
New  Zealand  coal,  for  which  he  was  awarded  the  degree  of  M.Sc.  iii  1926. 
For  his  subsequent  researches  in  the  micropetrological  examination  of  the 
structure  of  New  Zealand  coals,  he  had  conferred  on  him  the  degree  of 
Doctor  of  Science  in  geology.  During  the  1926  Session  of  the  Otago  School 
of  Mines  he  acted  as  professor  of  metallurgy,  and  for  two  years  was  director 
•of  Huntly  School  of  Mines. 

Dr.  Penseler  then  held  various  positions  in  New  Zealand,  first  in  charge 
of  prosp^ting  operations  for  coal  and  gold  at  Charleston  for  I.C.I. ,  Ltd., 
then  at  Golden  Point  mine.  He  was  battery  superintendent  at  Monowai 
O.C.L.  Mines,  Ltd.,  Thames,  for  five  months,  and  then  becemie  mining 
efngineer  to  the  Unemployment  Board,  New  Zealand,  later  joining  Investi- 
jzations.  Ltd.,  a  prospecting  and  development  company,  for  ten  months. 
From  1934-35  he  was  prospecting  and  reporting  on  alluvial  gold  areas  for 
Austral  Malay  Tin,  Ltd.,  at  Cromwell,  New  Zealand,  and  in  January,  1936, 
■went  to  Malaya  for  the  same  company  as  manager  of  Puchong  Tin  Dredging, 
Ltd.  In  1937  he  was  working  with  Asam  Kumbang  Tin  Dredging,  Ltd., 
at  Taiping,  Perak,  and  early  in  1939  joined  Raub  Australian  Gold  Mining 
Co.,  Ltd.,  where  he  became  general  manager.  Dr.  Penseler  was  captured 
by  the  Japanese  with  others  of  the  company  and  was  interned  in  Changi 
and  Sine  Road  camps.  Ne^^^  of  his  captivity  was  received  in  1944,  and  it 
has  since  been  learned  that  he  had  been  subjec'ted  to  solitary  confinement 
for  seven  months  prior  to  his  death. 

Dr.  Penseler  was  elected  a  Student  of  the  Institution  in  1926  and  was 
transferred  to  Associateship  in  1927. 

Captain  Ronald  John  Coulson  Telford,  Australian  Electrical  and 
Mechanical  Engineers,  died  on  August  27th,  1945,  after  an  illness  while 
on  active  service  at  Balik  Papan,  Borneo,  at  the  age  of  30.  Bom  in 
Australia,  he  studied  at  the  University  of  Western  Australia  from  1933  to 
1936  and  from  June  to  August,  1939,  graduating  in  March,  1940,  with  the 
degree  of  B.Eng.,  with  honours  in  engineering  geology.  From  March, 
1937,  until  his  return  to  the  University  in  1939,  he*  worked  as  a  geologist 
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on  the  Aerial  Geological  and  Geophysical  Survey  of  Xortheni  Austraiia, 
and  for  eight  months  from  Sept-ember,  1939,  was  employed  by  Mount 
Lyell  Mining  and  Railway  Co.,  Ltd.,  on  an  investigation  of  properties  at 
Queenstown,  Tasmania.  In  May,  1940,  he  was  appointed  draughtsman  and 
assistant  siu^^eyor  in  the  engineering  department  of  Big  Bell  Mines,  Ltd., 
at  Big  Bell,  Western  Australia,  €uid  a  month  later  became  mine  sur\*eyor. 

He  joined  the  Australian  Imperial  Force  in  February,  1942,  attaining 
the  rank  of  capteun  in  the  Australian  Armoured  Corps,  and  in  1944  was 
transferred  to  the  A.E.M.E.  in  chetrge  of  the  workshop  attached  to  an 
engineer  company.     He  was  elected  to  Studentship  of  the  Institution  in 
1939  and  transferred  to  Assoc iateship  in  1941. 

Private  Brian  Frank  Tyson  died  of  malaria  at  Bisroot  on  the  Palong 
River,  Northern  Johore,  on  January  26th,  1943,  at  the  aige  of  38.  A  New 
Zealander,  he  was  a  student  at  the  Otago  School  of  Mines  from  1924  to 
1928,  graduating  with  the  degrees  of  B.Sc.  (Geol.)  and  B.Eng.  (Min.),  and 
thereupon  took  up  a  position  as  drill  superintendent  with  the  Siamese  Tin 
Syndicate  on  an  alluvial  deposit  in  Otago.  In  July,  1929,  he  was  appointed 
assistant  mining  engineer,  Pahang  Consolidated  Co.,  Ltd.,  at  Sungei 
Lembing,  Pahang,  F.M.S.,  and  seven  years  later  was  promoted  mining 
engineer,  becoming  underground  memager  in  1939.  His  whereabouts  were 
unknown  after  the  Japanese  inversion  of  Mcdaya  until,  in  1945,  Mr.  Tyson 
w€is  reported  to  have  been  mentioned  in  a  letter  fr6m  a  member  of  the 
Institution  who  had  been  with  the  same  company  and  was  in  Malai  prisoner- 
of-war  camp.  The  report  of  his  death  was  received  from  the  New  Zealand 
MiF«*ing  and  Prisoners  of  War  Agency. 

Mr.  Tyson  wa«  elected  to  Associateship  of  the  Institution  in  1939. 


The  Council  regret  to  report  the  death  of  Vincent  Brice  Carew  Baker, 
Member,  in  Apuil,  1944  ;  John  Taylor  Marriner,  Member :  William 
Robert  Wilson  Ronald  Scott,  Associate,  on  November  13th,  1946  ;  and 
Frederick  Percy  Tremble,  Associate.  Obituary^  notices  will  be  published 
later. 
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Atomio  Energy.  A  General  Account  of  the  Development  of  Methods  of 
Using  Atomic  Energy  for  Military  Purposes  under  the  Auspices  of  the 
United  States  Government,  1040-1945.  By  H.  D.  Smyth.  144  pp. 
(Published  in  U.S.A.  by  the  Government  Printing  Office.)  London: 
H.M.S.O.,  1945.     28.  6d. 

A  Technique  for  Making  Torsion  Balance  Surveys  of  Inundated 
Areas.  By  K.  F.  Hasselmcmn.  31  pp.  and  maps.  Bulletin, 
University  of  Missouri  School  of  Mines  and  Metallurgy,  Technical 
Series,  Vol.  16,  No.  2,  June,  1945.  Kolla,  Mo.  :  Published  by  Missouri 
School  of  Mines  and  Missouri  State.  Mining  Experiment  Station,  1945. 

British  Standards  Institution  :  Services  Schedule  of  Non -Ferrous 
Metals  and  Alloys.  STA  7  :  Group  1,  Copper  and  its  alloys, 
September,  1945  (revision  of  section  published  December,  1942). 
19  pp.  28.  STA  7  :  Group  6,  Aluminium  and  its  alloys.  13  pp. 
BS  1259,  1945  :  Intrinsically  safe  electrical  apparatus  and  circuits. 
9  pp.  2s.  BS  1225,  1945  :  Recommended  methods  for  polarographic 
and  spectrographic  analysis  of  high  purity  zinc  and  zinc  alloys  for  die 
casting.     36  pp.     2s.     London  :    B.S.I.,  1945. 

Canada  :  Geological  Survey  Papers  and  Map  :  Memoir  239 — Mesozoic 
stratigraphy  of  the  Eastern  Plains,  Manitoba  and  Saskatchewan,  by 
R.  T.  D.  Wickenden.  26  cents.  List  of  published  maps  (1917-1945 
inclusive),  compiled  by  P.  J.  Moran.  Paper  44-17  (2nd  edition) — 
Revision  of  the  lower  Cretaceous  of  the  Western  Interior  of  Canada 
(report  and  12  fossil  plates),  by  F.  H.  McLeam.  Paper  45-19 — Fall 
Creek  map-area.  Alberta  (report  and  map),  by  J.  F.  Henderson. 
Paper  45-20 — Greenwood-Phoenix  area,  British. Colmnbia  (report  and 
map),  by  D.  A.  McNaughton.  Map  828A— ^Windsor-Sarinia,  Essex, 
Kent  and  Lambton  Coimties,  Ontario.  Ottawa  :  Department  of 
Mines  and  Resources — Mines  and  Geology  Branch,  1945. 

Canadian  Institute  of  Mining  and  Metallurgy  and  Mining  Society 
OF  Nova  Scotia  :  Transactions^  Vol.  47,  1944.  531  pp.  Montreal  : 
Published  by  the  Institute,  1945. 

Chamber  of  Mines  of  Rhodesia  (Incorporated)  Sixth  Annt^al  Report 
FOR  THE  YEAR  1944.  50  pp.  Bulawayo  :  Chamber  of  Mines  of 
Rhodesia,    1945. 

Durham  Coalfield  :  Regional  Survey  Report  (Northei-n  '  B  '  Region)  to 
Minister  of  Fuel  and  Power.  48  pp.  with  plan.  London  :  H.M.S.O., 
1945.     Is. 

Egypt — Ministry  of  Finance  :  Survey  Department  :  A  preliminaiy 
report  on  the  geology  of  the  Eewtem  District  of  Egypt,  between 
latitude  22°  N.  and  25°  N.,  by  W.  F.  Hume.  72  pp.  (Survey  Dept. 
Paper  No.  1,  1907.  150  millieines.)  Explanatory  notes  to  Ckccompany 
the  geological  map  of  Egypt,  with  tables  showing  distribution  of 
geological  formations  emd  economic  products,'  by  W.  F.  Hume.  49  pp. 
(1912.     P.T.  10.)     The  geography  and  geqlogy  of  south-eastern  Egj^pt. 
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by  John  Ball.  394  pp.  (1912.  P.T.  40.)  Topography  and  geolog>' 
of  the  phosphate  district  of  Safaga  (Eastern  Desert  of  Egypt),  by  John 
Bali.  19  pp.  (Survey  Dept.  Paper  No.  29,  1913.  P.T.  10.)  A  brief 
note  on  the  phosphate  deposits  of  Egypt,  by  John  Ball.  6  pp.  (Survey 
Dept.  Paper  No.  30,  1913.  P.T.  5.)  Report  on  the  oilfields  region  of 
Egypt,  by  W.  F.  Hume,  with  a  geological  map  of  the  region  from 
surveys  by  John  Ball.  103  pp.  (1916.  P.T.  26.)  Photo-reproductive 
methods  and  processes  used  by  the  Survey  of  Egypt,  by  G.  Douglas. 
25  pp.  (Survey  of  Egypt  Paper  No.  36,  1920.  P.T.  6.)  Dkpabtmbnt 
OF  MiNBS  AND  QuABBiES  :  Rules  and  regulations  as  to  mining.  94  pp. 
(1921.  P.T.  6.)  Petroleum  Reseabcjh  :  Bulletin  No.  1 — Preliminary 
geological  report  on  Abu  Durba  (Western  Sinai),  by  W.  F.  Hume, 
T.  G.  Madgwick,  F.  W.  Moon,  and  H.  Sadek.  20  pp.  (1921.  P.T.  10.) 
Bulletin  No.  6 — ^Preliminary  geological  report  on  the  Abu  Shaar  El 
QibU  (Black  Hill)  District,  by  T.  G.  Madgwick,  F.  W.  Moon,  and 
H.  Sadek.     (1920.     P.T.  10.)     Cairo  :  Government  Press. 

ExFLORATiON  GEOPHYSICS.  By  J.  J.  Jakosky.  786  pp.,  illus.  Los 
Angeles  :  Times-Mirror  Press,  1940.     £2  16s. 

Kenya  :  Geological  Survey  of  Eastern  Maramma  and  Adjoining 
Areas,  Western  Kakamega,  Northern  Kavirondp  (with  map). 
By  William  Pulfrey.  38  pp.  Mining  and  Geological  Department 
Report  No.  8.     Nairobi :   Government  Printer,  1945.     Sh.  2. 

La  Interpretacion  Geologica  db  las  Mediciones  Geofisicas  : 
Aplicadas  a  la  Prospeccion — ^ToMO  in.  By  Jose  G.  Sineriz. 
573  pp.     Madrid  :    Instituto  Geologico  y  Minero  de  Espafla,  1944. 

Manganese  and  Iro^  Deposits  of  Morro  do  Urucxtm,  Mato  Grosso, 
Brazil.  By  J.  Van  N.  Dorr.  47  pp.,  with  appendixes  and  illus- 
trations. U.S.  Department  of  the  Interior  Gtological  Survey  Bulletin 
946-A.  Washington,  D.C.  :  U.S.  Government  Printing  Office,  1945. 
75  cents. 

Manvers  Main  Colliery,  South  Yorkshire  :  Keport  on  the  causes  of, 
and  circumstances  attending,  the  explosion  which  occurred  on  the 
4th  March,  1945,  at  the  Manvers  Main  Colliery,  Wath-on-Deame, 
South  Yorkshire.  By  J.  R.  Felton.  Report  to  Minist'Or  of  Fuel  and 
Power.     28  pp.     Cmd.  6688.     London :    H.M.S.O.,   1945.     Is.  3d. 

Ministry  or  Fuel  and  Power  Statistical  Digest  from  1938.  69  pp. 
Cmd.  6538.     London  :    H.M.S.O.,   1944  (reprinted  1946).     Is.  6d. 

New  Deal  for  Coal.  By  Harold  Wilson.  264  pp.  London  :  Contact 
Publications,  Ltd.,  Cole  <fe  Co.  (Westminster),  Ltd.,  1945.     8s. 

Nigeria,  Geological  Si:r\'ey  Department  :  Annual  Report,  1944. 
16  pp.     Lctgos  :  Government  Printer,  1945..    Is. 

North  East  Coast  Institution  oV  Engineers  and  Shipbuildebs, 
TransacHons,  Vol.  61,  1944-45.  356  pp.  plus  250  pp.  discussion, 
obituary  and  index.  Newcastle-upon-Tyne :  PuUished  by  the 
Institution,  1945. 
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Orb  Drkbsino  Lsvbstigations  :  (1)  Joint  investigations  of  the  Council 
for  Scientific  and  Industrial  Research  and  the  South  Australian  School 
of  Mines  and  Industries.  Reports  from  the  Bonython  Laboratory, 
New  Series  Nos.  160,  162,  163.  (%)  Joint  investigations  of  the  C.S.I.H. 
and  the  Kalgoorlie  School  of  Mines.  Reports  from  the  Kalgoorlie 
Metallurgical  Laborator>%  Nos.  259,  265-6,  268-9,  271-81,  Index  of 
Reports  issued  to  March,  1944.  (3)  Joint  investigations  of  the  C.S.I.R. 
and  the  University  of  Melbourne.  Reports  from  the  Universit\' 
Metallurgical  Laboratory,  Nos.  273-4,  276-83,  285-6. 

PORTUGAI.  :       COMXINICA9OE8     DOS     SbRVI^OS     GE0L6g1C08     DE     POBTrGAI.. 

Tdmo  XXIV  and  XXV.     156  pp.  and  261   pp.     Lisbon  :    Diret-Q&o 
Greral  de  Minas  e  Services  Gre61ogicos,  1943  and  1944. 

Powder  Blast  Minino  in  Conjunction  with  Long-Hole  Blasting. 
By  Howard  M.  Fowler.  12  pp.  Bulletin,  University  of  Missouri 
School  of  Mines  and  Metallurgy,  Technical  Series  Vol.  16,  No.  3, 
September,  1945.  Rolla,  Mo.  :  Published  by  Missouri  School  of 
Mines  and  Missoui-i  Stat«  Mining  Experiment  Station,   1945. 

Proposed  Scheme  for  the  Recovery  of  Natural  Gas  from  Coal 
Seams.  By  Gilbert  McPherson  and  F.  B.  McPherson.  32  pp.,  with 
tables  and  plan.  (In  typescript.)  {Presented  to  the  Institution  of 
Mining  Engineers  by  Professor  S.  J.  Truscott.) 

Report  of  the  Coal  Commission  for  the  year  ended  31st  March,  • 
1945.     8  pp.     London  :  H.M.S.O.,  1946.     2d. 

Safety  in  Mines  Research  Board  :  Twenty -third  Annual  Report, 
1944.     30  pp.     London  :  H.M.S.O.,  1945.      Is. 

Scottish  Sources  of  Alkali  Feldspar.  By  T.  Robertson.  35  pp. 
Wartime  Pamphlet  No.  44  of  D.S.I.R.  Geological  Survey  of  Great 
Britain.     London  :  Geological  Survey  and  Museum,  1945.      Is.  9d. 

Spain  :  Instituto  Geolooico  y  Minero  de  Espana  :  Notas  y  Cotntmi- 
cacumes,  numero  13,  1944.  322  pp.  Data  for  the  study  of  geological 
map  sheets,  1  :  50,000— Gij on  (14)  and  Oviedo  (29).  Ill  pp. 
Geological  Maps — explanations  of  sheets  nos.  245  (Sadaba),  172  (Alio), 
390  (Cervera),  and  629  (Toledo).  Madrid  :  Published  by  the  Institute, 
1941-4. 

State  Taxation  of  Metallic  Deposits.  By  Warren  A.  Roberts. 
Harvard  Economic  Studies,  Vol.  77.  400  pp.  Cambridge,  Mass.  : 
Harvard  University  Press,  1944.      $4.50  (£1  7s.). 

Stratigraphy  and  Oil-Producing  Zones  of  the  Pre  -  San  Andres 
Formations  of  Southeastern  New  Mexico — a  preliminary'  report. 
By  Robert  E.  King.  31  pp.  and  3  plates.  New  Mexico  School  of 
Mines  Bulletin  No.  23.  Socorro,  N.M.  :  State  Bureau  of  Mines  and 
Mineral  Resources,  1945.     50  cents. 
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The  Coal  Mines  (Cabdox  and  Hydbox)  Ordbb,  1945,  dated  November 
13,  1945,  made  by  the  Minister  of  Fuel  and  Power  under  section  61 
of  the  Coal  Mines  Act,  1911.  S.  R.  &  C,  1945,  No.  1468.  1  p. 
London  :  H.M.S.O.,  1946.     Id.    • 

The  Minebal  RESotTBCES  of  the  Lothians.  By  A.  G.  MacGregor. 
Wartime  Pamphlet  No.  45  of  D.S.I.R.,  Geological  Survey  of  Great 
Britain.     43  pp.     London  :  Geological  Survey  and  Museum,  1945.   2^. 

The  Monmouthshire  and  South  Wales  Coal  Owners'  Assooiatton  : 
Reports  of  the  General  Rbsbabgh  Commtttse  :  1 — ^The  Intro- 
duction of  sodium  vapour  lamps  underground  in  British  collieries : 
April,  1941.  2 — ^Ventilation  surveying,  with  special  reference  to  the 
inclined  gauge  and  tube  method  of  pressure  surveying  ;  October,  1941. 
3--Atmo8pheric  conditions  in  mines — a  study  of  the  physical  condition 
of  mine  air ;  August,  1942.  4 — A  new  and  rapid  method  for  the 
determination  of  carbon  dioxide  in  mine  dusts  ;  September,  1942. 
Reports  of  the  Coal  Dust  Research  Committee  :  1 — ^The  design 
and  testing  of  a  dust  collector  for  a  conveyor  loading  point  in  an  intake 
roadway.  2 — Sprays.  3 — ^The  suppression  of  dust  at  the  main  gate 
transfer  point  of  a  conveyor  district.  4 — ^The  removal  of  dust  clouds 
from  main  gate  loading  stations  by  utilization  of  waste  workings  ; 
Jemuary,  1942.  5 — ^Dust  reduction  and  suppression  on  machine  cut 
fcu^es — interim  report ;  September,  1942.  6 — ^A  new  type  of  filter  for 
dust  work ;  October,  1942.  7 — Experience  gained  in  sampling ; 
December,  1942.  8 — Limitations  to  the  use  of  the  konimeter,  by 
C.  S.  Chubb  ;  February,  1943.  9 — Pneumonokoniosis  of  coal  workers 
— problems  of  the  assessment  of  the  dust  hazard  ;  July,  1943.  10 — 
Dust  reduction  and  suppression  on  machine  cut  faces — further  report ; 
September,  1943.  11 — Pneumonokoniosis  of  coal  workers — a  method 
for  measuring  the  health  hazard  from  air-bome  dust — interim  report ; 
November,  1943.  12 — ^The  use  of  water  sprays  for  dust  suppression 
at  the  coal  face ;  March,  1944.  13 — Pneimionokoniosis  of  coal 
workers — the  evaluation  of  the  health  hazard  of  air-bonie  dust — 
further  report ;  July,  1944.  14 — ^The  use  of  wetting  agents  for  the 
suppression  of  air-bome  dusts — interim  report ;  December,  1 944. 
16 — A  survey  of  airborne  dust  conditions  in  the  South  Wales  coal- 
field ;  April,  1945.  16 — Pneumonokoniosis  of  coal  workers — the 
evaluation  of  the  health  hazard  of  air-bome  dust  with  specieJ  reference 
to  particle  size  anedysis — ^further  report ;  July,  1945.  Presented  to  the 
Institution  of  Mining  Engineers  by  the  Director  of  Research,  The 
Monmouthshire  and  South  Wales  Coal  Owners*  Association. 

TiNasTEN  Deposits  in  Beaver  County,  Utah.  By  S.  W.  Hobbs.  Pp. 
81-111,  with  separate  illustrations.  U.S.  Department  of  the  Interior 
Geological  Sm-vey  Bulletin  945 — D.  Washington,  D.C.  :  U.S. 
Government  Printing  Office,  1945.     65  cents. 
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ANALYSIS    —   OOLORUCBTRIC— MOLYB- 

OKZnJM. — Oolofximetrlc  determlnAtlon  of 
molybdcnam  In  Ircm  and  steel.  Mitchell 
KMpton  and  Paul  L.  Hehnan. — Jndustr. 
tnang.  Chem.,  Analyt.  Ed..  Easton.  Pa., 
Vol.  17,  September.  1946.  pp.  573-6.  50 
<cnta. 

ANALYSIS  —  SIUCA  DETERMINATION. 
—Determination  of  email  amounts  ot 
sUlca.  M.  P.  Adams. — Jnduitr.  Bngng. 
Ckem,,  Analyt.  Ed..  Baaton.  Pa.,  Vol.  17, 
September.   1945,  pp.  542-3.     50  cents. 

ANALYSIS  —  SILICATES.— Determination 
of  sodium  and  potassium  in  silicates — an 
Improved  method.  George  O.  Marvin  and 
lAwrenoe  B.  Woolaver.— /ndiutr.  Engng. 
Chem..  Analyt.  Ed.,  Easton.  Pa..  Vol.  17. 
September.   1945,  pp.  555-6.     50  cents. 

SPECTROORAPH3C  ANALYSIS.— Arc  and 
spark  characteristics  for  quantitative  spec- 
tiofraphlc  analysis  and  methods  used  for 
their  control.  J.  Convey.— Bp/Uim.  Metall. 
Soc.  J.,  Birmingham,  Vol.  35,  No.  3,  Sep- 
tember.   1946,  pp.   168-89.     2s.  ed. 

SPECTROORAPHIC  ANALYSIS.— Further 
applications  of  the  spectrograph  to  the 
quantitative  analysis  of  ferrous  and  non- 
ferrous  methods.  L.  O.  Young.— BoAam. 
iretolL  Soc.  J.,  Bhrmingham.  Vol.  25,  No. 
3.   September.     1945,    pp.    190-200.     2s.    6d. 


GOAL. 

ANALYSIS.— Methods  for  the  determina- 
tion of  carbon  and  hydrogen  in  coal  and 
their  practical  utility:  a  note  on  the 
Penton  method  for  the  determination  of 
carbon  and  hydrogen.  John  H.  Jones. — 
Inst.    Fuel      l^ar     Time     Bull.,     October. 

1945.  p.    37. 

CHINA— Coal  In  North  China.— Colliery 
Engng.,  Lond..  Vol.  171,  December,  1945. 
pp.    288-9.      Is. 

DUST. — Dust  In  conveyor  districts — VI: 
reasons  why  loader  gate  should  be  made 
an  intake  rather  than  a  return  airway 
m  order  to  minimize  the  dust  problems. 
VII:  How  the  more  common  methods  of 
loading  affect  the  raising  of  dust  at 
loading  points.  W.  A.  Terrell.— CoHtery 
EMng..  vol.  22,  1945*  November,  pp.  250- 
352;    December,    pp.    277-9.      is.    each. 

DUST  SUPPRE^SSION.— Dust  in  rettirn 
roadways:  a  review  of  causes  and  avail- 
able means  for  its  suppression.  (To  be 
continued.)  W.  A.  Terrell.  (Paper  read 
before  National  Association  of  Colliery 
Managers). — Iron  Coal  Tr.  Rev..  Lond.. 
Vol.  151.  December  7.   1945.  pp.  885-9.     9d. 

DUST  SUPPRESSION.— Dust  suppression  by 
wet  rotary  drilling.  8.  Flax.— CoU<erv 
Guard..    Lond.,    Vol.    171.     November     16. 

1946.  pp.    699-601.       lOd. 

ECONOMICS— CANADA.— The  coal  Industry 
of  Canada:  brief  submitted  by  the  Cana- 
dian Institute  of  Mining  and  Metallurgy 
to  the  Royal  Commission  on  the  Coal  In- 
dustry of  Canada.— Canad.  Min.  Metall. 
Bull.  Montreal,  No.  402,  October.  1945. 
pp.    517-22.      $1.00. 


GOAL — corUinufd. 

FUEL— CHARCOAL.— Charcoal  briquettes  as 
a  coal  substitute.  H.  Oraene  and  T.  N. 
Jewltt.  (Cold  wet  charcoal-pitch  mixture, 
with  gum  arable  as  primary  binder.)— 
J.  Soc.  Chem.  Ind.,  Lond.,  Vol.  64,  Octo- 
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The  San  Telmo  Ore-Body,  Spain. 

By  J.  C.  Allan,  Member, 

Introduction 

The  San  Telmo  group  of  pyrite  masses,  in  the  Province  of  Huelva, 
Spain,  lies  at  the  Western  End  of  what  is  classified  by  Collins*  as 
the  *  Northern  Belt '  of  ore-bodies.  The  property  is  connected  with 
the  Val  de  la  Musa  Station  of  the  Zafra  Huelva  Railway  by  1*1  kilo- 
metres of  narrow-gauge  hne.  The  situation  of  this  group  in  relation 
to  the  principal  ore- bodies  in  the  area  is  shown  in  the  accompanying 
map  (Fig.  1). 

History. — Within  the  area  of  the  concessions  there  are  a  number 
of  small  outcrops.  These  were  first  exploited  in  the  early  60's  of 
the  last  century,  and  also  between  1882  and  189*2,  bv  the  Tiede 
Metal  Company,  by  heap  roasting  and  leaching.  When  the  reduction 
in  copper  content  rendered  the  working  no  longer  profitable  the 
concessions  w^ere  surrendered  to  the  Spanish  owners  after  all  the 
pronounced  *  gossan  '  in  the  property  had  been  investigated. 

About  1908  an  adit  started  by  the  Bede  Metal  Company,  but 
abandoned  owing  to  unfavourable  indications,  was  reopened  by  the 
owners.  It  was  extended  some  20  metres  and  struck  the  mass  now 
known  as  Santa  Barbara  3  metres  below  its  apex.  At  this  point 
the  mineral  was  high  in  copper,  which  led  to  the  gradual  develop- 
ment and  partial  mining  of  the  mass,  but  operations  were  suspended 
owing  to  the  difficulties  in  marketing  the  production  in  1920. 

A  feature  of  the  mass,  as  disclosed  by  this  development  work,  was 
the  occurrence  of  important  tonnages  of  zinc- bearing  complex  ore, 
which,  at  that  date,  had  no  commercial  value.  In  1927,  however, 
a  plant  was  erected  for  the  treatment  of  the  complex  ore  by  flotation. 

•CoLiiiNS,  H.  F.  *  The  Igneous  Rocks  of  the  Province  of  Huelva  and 
the  Genesis  of  the  Pyritic  Orebodies  '.     Tram.  I.M.M.,  VoJ.  31,  1922. 
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under  a  small  outcrop  to  the  east  of  the  Santa  Barbara  surface 
indications.  Whether  this  second  outcrop  is  connected  witli  the 
eastern  enlargement  on  the  11th  Level  has  yet  to  be  investigated. 

Below  the  11th  Level,  however,  the  western  end  of  the  San 
Telmo  mass  suddenly  bottomed  and  was  connected,  by  means  of  a 
narrow  tongue  of  sulphide,  with  another  body  of  pyrite  running 
approximately  east  and  west,  but  40  metres  farther  to  the  north. 
The  eastern  extension  on  the  11th  Floor  also  appeared  to  be 
connected  with  this  third  body  in  a  similar  way. 

Three  distinct  types  of  ore  occur  in  the  San  Telmo  mass — 
namely,  a  complex  ore  carrying  zinc  and  barytes  ;  an  ore  consisting 
of  cupreous  pyrites,  in  which  the  copper  is  present  as  chalcopyrite  ; 
and  a  *  sulphur  ore  ',  or  clean  iron  pyrite.  The  complex  ore  has  a 
characteristic  blocky  fracture  which  is  unmistakable  and  which 
always  indicates  the  presence  of  this  type  of  ore.  The  complete 
analyses  of  composites  from  a  number  of  samples  shown  in  Table  I 
gives  the  characteristic  distribution  of  the  constituents  in  the  three 
named  types  of  ore. 

Table  I 


Copper 

Sulphur   

Lead    

Zinc 

Cobalt 

Arsenic    

Barium  Sulphate 

Silica    

Iron 

Alumina .'.. 

Lime    

Magnesia 

Silver* 

Gold*  


CampUx 
Ore 


% 
1-254 

31-530 
1-870 

23-970 

Trace 
0-090 

21-680 
0-370 

18-18 

0-92 

#>13 

0-06 

12000 

0-6 


Primary 
Cupreous  Ore 


% 
2-28 


47-650 
0-150 
2-850 

Trace 
0-110 
2-320 
1-350 

4118 
1-15 
0-20 
0-10 

40-00 
0-5 


Iroft 
Pyrites 


/o 
0-oC 

51-30 
0-04 
Oil 

Trace 
0-0<»0 
Nil 
OTO 

45-2(' 
0-25 

Trace 
002 


*g  per  1,000  kg. 
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In  some  cases  the  contacts  between  the  different  types  of  ore  is 
abrupt,  changing  on  a  clean-cut  line  as  in  the  photographs  (Plate  I), 
while  in  others  the  types  merge  into  one  another,  with  the  banded 
structure  described  by  many  writers  on  these  masses.  *  Horses  ' 
or  remnants  of  wall  rock  are  found  within  the  boundaries  of  the 
zones  in  which  each  type  is  found. 

The  Complex  Ore 

The  general  averages  of  sampling  by  levels  were  as  shown  in 
Table  II.     The  photo-micrograph  reproduced  in  Plate  II  shows  a 


Table  II 


Cu 

Zn 

Pb 

Ay 

Au 

S 

Fe* 

Balance^ 

7th  Level     ... 

% 
1-2 

/o 
2006 

% 
204 

9 
pert^m 

155-40 

9 
per  ton 

1-108 

% 
32-82 

% 
20-68 

% 
23-30 

6th        „        ... 

0-79 

20-50 

3-29 

58-9 

0-770 

3300 

19-21 

23-21 

*th       

0-96 

16-30 

2-53 

90-61 

1-070 

3301 

24-00 

23-20 

V 

3rJ        „ 

1-65 

19-25 

1-89 

91-65 

0-770 

33-49 

20-52 

23-20 

'2m]       „        ... 

1-73 

15-92 

2-08 

106-78 

1-110 

32-89 

24-18 

23-20 

•Calculated. 

tMaiiily  Barium  Sulphate,  a.s  shown  in  the  complete  analysis  (Table  I). 

thin  section  of  the  complex  ore  taken  under  oillinary  light  and 
iiiaLniified  30  diameters.  The  black  areas  are  pyrite,  the  dark  grey 
zinc  blende,  and  the  light-coloured  areas  are  mainly  barytes,  with 
subordinate  amounts  of  quartz. 

From  the  mill  man's  point  of  view  the  ore  presented  a  difficult 
problem,  the  crystalline  intergrowth  persisting  down  to  very  small 
sizes.  Microscope  study  of  the  flotation  feed  showed  that,  with  the 
possible  exception  of  the  cleanest  of  the  complex  ore,  both  blende 
and  galena  contain  inclusions  of  pyrite,  as  blebs  and  spots,  that 
carry  on  down  in  size  to  the  limits  of  recognition  with  a  magnifi- 
cation of  150  diameters.  The  major  part  of  the  zinc  mineral 
appears  under  the  microscope  as  a  creamy  white  blende.  As  the 
iron  content  of  the  ore  increases,  however,  there  is  an  increasing 
amount  of  iron-rich  blende,  probably  approaching  marmatite  in 
composition.  The  amount  was  probably  never  sufficient  to  affect 
the  assav  of  the  zinc  concentrates,  but  it  showed  chataeleTYsXAC 
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fluctnationB  corresponding  to  the  amount  of  free  pyrite  in  the  mill 
heads. 

The  mill  operators  classified  the  ore  under  four  broad  headings  : 
(a)  Massive  Complex  Ore. — This  is  a  fine-grained  ore  of  a  charac- 
teristic bluish  colour  found  on  all  levels.    Typical  analyses  are 

given  in  Table  III. 

Table  III. 


Cu 

Zn 

Ph 

A9 

Au 

*S' 

7th  Level 

% 
0-67 

1-76 

% 
20-30 

19-32 

% 
0-96 

2-10 

9 
per  ton 

85-71 
95-50 

9 
per  ton 

0-77 

% 
34-06 

3fci       ..     ••••••••• 

3"2-82 

"***       »»     ••••••.#• 

(b)  Lead-Bearing  Complex  Ore, — This  type  of  ore  carries  high 

lead  values  and  is  more  coarsely  crystalline  than  the  massive  type. 

Its  principal  occurrences  were  towards  the  hanging-wall,  between 

the  6th  and  7th  Levels.     Typical  analyses  of  this  ore  are  as  set  out 

in  Table  IV. 

Table  IV 


Cu 

Zu 

Pb 

Ag 

Au 

5^ 

7th  Level 

% 
1-60 

1-65 

0-87 

% 
23-81 

15-71 

22-58 

% 
9-113 

4-400 

5010 

.    9 

per  ten 

602-40 

156-72 

68-00 

9 

per  ton 

2-75 
1-38 
0-77 

o/ 
26-45 

7th       „     

34-33 

•     •                             i 
6th 

3308 

■V^»M.                          ff                  «•••••••• 

(c)  Compact  Complex  Ore  with  Segregation  of  Pyrite. — The  analyses 
given  in  Table  V  do  not  show  an  increase  in  iron  content,  but  the 
higher  sulphur  values  indicate  that  the  pyrite  content  has  increased 
at  the  expense  of  zinc  and  barytas. 


Table  V 

- 

Cu 

Zn 

Pb 

Ag 

Au 

S 

Raise— 7th /6th  Level 
4th  Level 

% 
1-01 

0-96 

% 

10-73 
16-30 

% 
019 

2-53 

9 
per  ton 

52-65 
90-61 

9 
per  t<m 

0-77 
1-07 

% 
42-20 

3301 
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(d)  Convplex  Ore  IfUerbanded  with  Pyrite. — This  type  of  ore  yielded 
assay  results  similar  to  those  for  type  (o)  (Table  Y). 

The  general  relations  between  complex  ore,  cupreous  ore,  and 
iron  pyrites  are  shown  in  the  sections  illustrated  in  Fig.  2.  As 
already  mentioned,  contacts  between  one  type  of  ore  and  another 
varied  from  sharp  lines  of  demarcation,  as  shown  in  the  photo- 
graphs (Plate  I),  through  contacts  with  gouge  partings,  to  banded 
ore,  where  the  assay,  as  well  as  visual  inspection,  determined  which 
type  predominated. 


Assays  at  Complex  Ore  Contacts 

In  what  follows  examples  are  given  of  runs  of  assays  taken  over 
consecutive  two-metre  intervals  on  complex  ore  contacts.  It  is 
to  be  regretted  that  complete  analyses  of  all  the  important  con- 
stituents are  not  available.  From  a  practical  point  of  view,  how- 
ever, the  difference  between  types  was  so  marked  that,  at  the  time, 
analyses  were  only  made  of  contents  of  economic  importance. 

(1)  Clean  Contact, — This  is  considered  to  be  the  case  when  either 
cupreous  ore  or  pyrites  meets  complex  ore  and  the  contact  is  a  clean 
smooth  face,  with  no  evidence  of  striation  or  movement.  Assays 
are  given  in  Table  VI. 

Table  VI 


Zn 

Cu 

S 

Pb 

% 

o/ 

% 

0/ 

/o 

^i  Level :  North 

'West  Zone  : 

18-70 

0-77 

30/33* 

0-69 

22-88 

0-77 

30/33* 

312 

(Con 

ta<t) 

0-91 

0-44 

47-45 

Low  values 

1-25 

1-51 

45-38 

•»           »» 

1-47 

110 

50-90 

»>           •♦ 

4th  Level :  NortJi 

Zone  : 

112 

2-68 

45-37 

»♦           •» 

0-84 

1-34 

44-10 

»»           » • 

(Clean 

Contact) 

16-24 

116 

30-00* 

0-74 

1th  Level :    North 

-Ea^t  Zone  : 

2504 

1-82 

30/33* 

8-67 

23-86 

2-70 

30/33* 

1010 

21-36 

1-44 

30/33* 

0-48 

24-56 

0-99 

30/33* 

002 

(Clean 

Conta^-t) 

Low  values 

202 

44-35 

Low  values 

•»           »» 

3-10 

47-85 

•»            »• 

♦Estimated. 
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(2)  Chan  Contact  Between  C(mvplest  Ore  and  Cupreous  Pyrites  or 
Pyrites  J  toith  Couge  or  Sterile  Parting. — The  walls  of  the  gouge^filled 
contact  are  as  smooth  as  those  usually  found  on  an  intrusive  tock 

■ 

contact.     Assays  are  given  in  Table  VII.     When,  on  contact,  the 

Table  VII 


Zn 

Cu 

.S 

Ph 

/o 

4th  Level  : 

/o 

0/ 
/O 

/O 

1-87 

1*53 

49-02 

Low  values 

1-20 

0-34 

49-.")l 

»•                         9t 

2-64 

0-58 

49-r>2 

99                        » 

11-64 

(Gouge 
114 

Contact) 

41-4.1 

»♦                         »» 

3-62 

110 

4608 

»»                         »» 

7-6.S 

0-08 

40-(K) 

1-62 

6^A  Level :  North  Zone 


(Good  grado  cupreous  pyritos) 
2-67  (Zinc-bearing  Pyrites) 
1-23 
(Band  of  Decompostid  *  Sterile  ') 
9-63 
11-69 
22-24 
18-09 
Other  values  not  determined. 


zinc  values  fade  from  low-grade  complex  ore,  through  zinc-bearing 
cupreous  pyrites,  to  good-grade  pyrit(»s,  this  transitional  ore  is 
locally  termed  *  aureole  *  ore. 

Table  VIII  gives  an  example  of  transition  from  complex  to  zinc- 
bearing  cupreous  pyrites  which  is  not  clearly  shown  by  assay, 
although  the  pyrites  took  on  the  blocky  fracture  of  the  complex 
ore  for  several  metres.  In  fact,  on  the  2nd  Level,  no  sharply- 
defined  contacts  were  found,  the  whole  mass  being  a  complex  ore 
richer  or  poorer  in  zinc,  or,  in  other  words,  containing  a  varying 
amount  of  pyrites. 
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Table  VIII 

Zn 

C%i 

iLS' 

% 
13-38 

% 

0-87 

o/ 
/o 

Not  determined 

318 

2-87 

43-5 

4-63 

3-25 

45-2 

2-45 

301 

42-3 

4-60 

3-44 

44-7 

On  the  3rd  Level,  ^lain  Drive,  there  is  also  a  series  of  50  assays 
111  which  zinc  alone  was  determined.  This  zinc  value  varies  from 
3-8  per  cent  to  over  20  per  cent,  but  the  ore  does  not  change  in 

ap])»\irance. 

Genesis  of  the  Ore-Body 

ITie  jjeolojry  of  this  metalliferous  field  and  the  origin  of  the 
orp-bodies  that  occur  have  received  verv  close  study.  There  is  an 
extensive  bibliography,  of  which  much  is  given  in  papers  by  Dr. 
<iordon  Williams  and  Dr.  David  Williams.*  In  brief  there  appear 
to-day  to  be  two  broad  schools  of  thought  concerning  the  genesis 
of  pyrite  ore-bodies  of  the  province  of  Huelva.  One  is  that  the 
on- bodies  are  the  result  of  hydrothermal  processes  and  the  other 
that  they  were  intruded,  as  differentiates  of  some  parent  magma, 
ill  liquid  or  plastic  form  along  pre-existing  lines  of  weakness.  By 
reason  of  the  initial  intrusive  pressure,  or  pressures  developed  on 
crystallization,  they  have  created  the  space  necessary  for  their 
development. 

Three  methods  have  been  suggested  as  to  how  this  could  have 
taken  place  : 

(a)  By  progressive  segregation  and  liquation  from  a  parent  rock 
magma  resulting  in  the  differential  separation  of  the  more  fluid 
sulphides,  which,  in  turn,  repeat  the  sequence  until  a  low  enough 
temperature  is  reached  to  freeze  the  last  eutectic. 

ih)  A  similar  condition  to  (a),  but  with  the  magma  containing  a 
limited  amount  of  water.     Here  differentiation  by  segregation  and 

♦Williams,  G.  '  The  Genesw  of  the  Perninal — La  Zarza  Pvritic  Orebody, 
Spain  '.     Trans.  I.M.M.,  Vol.  42,  1933. 

Williams,  D.  '  Tlie  Geology  of  Tht^  Rio  Tinto  Mines,  Spain  \  Tram. 
I.M.M.,  Vol.  43,  1934. 
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(2)  In  certain  sections  this  produced  banding  of  pyrite  and 
unaltered  rock.  The  pyrite  replaced  bands  of  rock  favourable  to 
its  deposition  and  left  unreplaced  those  less  favourable. 

(8)  A  later  solution  carrying  barium,  zinc,  and  lead  found  zones 
favourable  to  the  deposition  of  the  sulphate  and  sulphides  and  these 
zones  included  all  the  bands  of  unaltered  rock  in  the  zones  already 
banded  with  pyrite. 

Injection  of  fluid  or  plastic  material  seems  on  the  other  hand  to 
account  for  a  number  of  features  which  are  difficult  to  explain  by 
hydrothermal  replacement.  Both  Gray  and  Rutherford*  empha- 
size the  sharp  line  of  demarcation  nearly  always  found  on  the 
boundaries  of  massive  ore  and  even  Dr.  David  Williams  has  to 
admit  that  the  limits  of  massive  sulphide  are  usually  well  defined. 

In  the  Santa  Barbara  mass  this  clear  line  of  demarcation,  as  has 
been  shown,  is  also  evident  on  certain  boundaries  between  the 
complex  ore  and  the  pyrite.  This  would  appear  to  rule  out  the 
possibilities  of  segregation  of  true  sulphide  mattes  while  in  the 
molten  state.  The  alternative  put  forward  by  Evans,  Pjdge,t  Dr. 
Gordon  Williams,  and  others  is  to  postulate  a  water  content  of  such 
mattes  of  the  order  of  20  per  cent.  Assuming  such  a  hydro- 
pyritic  matte  and  a  zinc-lead-copper  differentiate  as  the  result,  it 
still  remains  difficult  to  reconcile  the  presence  of  barium  sulphate, 
as  such,  in  the  final  freeze  out. 

To  obtain  such  regularity  and  homogeneity  in  the  complex  ore, 
a  suggested  alternative  would  be  to  follow  BoydellJ  and  postulate 
a  condition  analagous  to  a  colloidal  solution. 

Newhouse.  in  describing  the  Buchans  ort»  which  also  carries  a 
high  percentage  of  barytes,  writes  as  follows  : 

The  fine  grained  character  of  the  ore  may  well  be  the  result  of  deposition 
by  relatively  concentrated  solutions  such  as  colloidal  suspensions  which 
the  metallic  sulphides  form  with  the  alkaline  sulphides. 

Collins§  in  his  reply  to  Simon  writes  as  follows  : 

He  does  not,  however,  mention  that  the  banded  structure  of  the  Rammeis- 
berg  lode,  whilst  invariably  parallel  to  the  walls  of  the  deposit,  sometimes 
cut«  across  the  stratification  of  the  slates  nor  that  the  banded  ore  is  compooe<l 
chiefly  of  small  crj'stalline  particles  of  blende,  galena,  and  chalcopyrite, 
scattered  through  a  matrix  of  barytes,  which  is  the  principal  gangue. 

*See  the  discussion  on  Collihs'e  paper,  loc,  cif. 

tEooE,  A.  B.  '  Observrttions  on  the  Pyritic  Orebodies  of  Southern 
Spain  and  Portugal  '.     XIV  International  Cfeological  Congress,  1926. 

JBovDELL,  H.  C.  *  The  K61e  of  Colloidal  Solutions  in  the  Formation  of 
Mineral  Deposits  '.     Trans.  I.M.M.,  Vol.  34,  1925. 

§/o<r.  cit. 
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It  will  be  noted  that  while  the  banding  is  invariably  parallel 
to  the  walls  of  the  lode,  in  some  places  the  lode  cuts  across  the 
stratification  of  the  slate.  Thus  the  banding  cannot  be  considered 
as  pseudomorphic  after  replaced  slate.  Simon  states  that  the 
banded  structure  at  Bammelsberg  had  been  ascribed,  after  detailed 
investigations,  to  movements  under  great  pressure. 

Edge,  however,  pointed  out  that  banded  structure  can  be  formed 
by  rhythmic  precipitation  analagous  to  the  phenomena  known  as 
*  Leisegang's  rings  '  and  that  banded  structures  in  these  pyritic 
masses,  parallel  to  the  walls,  may  have  nothing  to  do  with  fohation 
in  the  original  rock  alleged  to  have  been  replaced.  Such  banding 
would  be  more  likely  to  have  been  produced  under  conditions 
analagous  to  a  colloidal  sol.  Barium  sulphide  having  formed  the 
sol,  as  described  by  Freeman,*  may  have  resulted  in  the  sulphate 
of  barium — barytes.  Thus  a  colloidal  ancestry  for  the  complex 
ore  might  be  deduced  from  the  banded  structure,  which  is  a  pheno- 
menon known  to  be  associated  with  colloids,  and  from  the  presence 
of  barytes,  which,  at  Buchans,  is  definitely  associated  with  colloform 
structure. 

Microscopic  examination  of  the  Santa  Barbara  complex  ore  has 
not,  as  yet,  disclosed  examples  of  the  concentric  structure  described 
by  Newhouse  as  being  found  in  the  Buchans  mine  and  by  Dr. 
David  Williams  at  Rio  Tinto.  Newhouse  describing  this  structure 
writes  : 

The  presence  of  pyrite  with  concentric  structure  suggests  that  part  of  the 
solutions  may  have  been  colloidal. 

and  Dr.  David  Williams  : 

Although  this  concentric  structure  obviously  implies  a  rliythniical 
precipitation  of  the  sulphide,  it  does  not  necessarily  signify  their  colloidal 
ancestry. 

It  will  be  seen,  however,  that  both  these  authorities  admit  the 
possibility  of  colloidal  ancestry. 

The  processes  by  which  crystal  structure  can  have  been  developed 
from  colloidal  material  have  been  discussed  at  length  bv  Boydell. 
Masses  of  the  size  of  these  pyritic  deposits  would  remain  for  a  long 
period  under  temperature  conditions  favourable  to  the  growth  of 
crystal  structure.  The  absence  of  colloform  structure,  therefore., 
does  not  necessarily  signify  non-colloidal  ancestry.  If,  however, 
the  possibility  of  colloidal  ancestry  be  admitted  for  the  complex 
ore,  assuming  barium  sulphide  as  the  possible  sol,  the  picture  is 

*F&|LEMAK,  H.  '  The  Genesis  of  Sulphide  OreH  '.  hJnij.  Min.  Jour., 
Vol.  120,    No.  25,  p.  973,  1925. 
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less  clear  in  regard  to  the  pyrite.  On  the  other  hand,  if  the  banded 
structure  of  pyrite  and  complex  ore  he  due  to  a  condition  analagous 
to  a  colloidal  sol,  then,  under  certain  conditions,  the  pyrite  may 
also  have  behaved  as  a  colloid,  so  that  the  colloform  structure 
noted  by  Dr.  David  Williams  may  have  more  significance  than  he 
has  given  to  it. 

There  remains,  however,  the  diflBiculty  of  explaining  the  transition 
from  massive  pyrite  to  disseminated  ore  so  strongly  emphasized  by 
Collins,  Dr.  David  Williams,  and  Newhouse.  It  is  generally 
admitted  that  massive  sulphides  and  disseminated  ore  are  usually 
divided  by  a  sharp  line  of  demarcation.  Dr.  David  Williams  admits 
that  the  regular  transition  between  massive  ore  and  disseminated 
pyrite  is  the  exception  rather  than  the  rule  and  Newhouse  states 
that  only  locally  is  the  transition  from  unaltered  tuff  to  banded  ore 
found  in  the  Buchans  mine. 

Boydell  has  discussed  at  length  the  possibihty  of  replacement  by 
colloidal  solutions  and  there  is  no  reason  to  suppose  that  under 
exceptional  and  favourable  conditions  such  replacement  may  not 
have  taken  place  to  a  limited  extent,  masking  the  boundary,  at 
those  points,  between  solid  sulphide  and  disseminated  ore. 

8uch  a  point  might  well  be  where  the  colloidal  sol  was  invading  a 
section  of  slate,  or,  as  at  Buchans,  of  banded  tuff,  from  a  direction 
roughly  parallel  to  the  bedding  or  shear  planes.  Colloidal  sols  are, 
however,  also  capable  of  producing  a  banded  structure  owing  to 
entirely  different  causes  and  because,  under  certain  conditions, 
banded  structure  can  be  definitelv  traced  to  the  slate  it  is  not 
sullicient  proof  that  all  banded  structure  must  be  so  caused. 

It  is  suggested  that  the  shape  of  the  Santa  Barbara  mass  and 
the  distribution  in  it  of  the  three  sulphide  types  can  but  be  explained 
by  the  intrusion  of  liquid  or  plastic  material  under  pressure.  The 
complex  ore  has  been  found  cutting  both  cupreous  and  iron  pyrites 
in  a  manner,  to  quote  Collins  in  his  reply  to  Broughton  Edge, 
*  practically  identical  with  that  of  an  ordinary  eruptive  dyke  '. 

It  would  seem  probable  that  this  intrusion  took  place  in  three 
phases  :  (1)  Pyrite  ;  (2)  complex  ore  ;  and  (8)  cupreous  pyrite,  as 
differentiates  froiu  some  parent  source  and  that,  owing  to  pressure 
or  other  conditions,  some  re-liquification  took  place  in  sections  of 
the  mass  which  permitted  marginal  absorption  between  the  phases, 
exhibiting  characteristics  similar  to  those  showTi  by  colloidal  sols. 

Conclusions 
The  structural  relations  of  the  complex  ore  in  the  Santa  Barbara 
mass    point    to    h    mode    of    genesis    other    than    hydrothermal 
replacement. 
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The  indications  of  colloidal  ancestry  at  San  Telmo,  Buchans,  and 
Bammelsberg,  where  har^'tes  is  the  principal  gangue  mineral,  cannot 
be  considered  to  be  without  significance. 

AH  authorities  agree  that  the  source  of  the  mineralization  was 
ascending  magmatic  differentiates,  but  it  seems  possible  that  the 
differentiates  ranged  from  a  hydro-pyritic  matte  rich  in  sulphides 
to  the  more  normal  hydrothermal  solutions.  Under  the  wide 
range  of  pressure  and  temperature  conditions  that  must  have 
obtained  in  a  large  metallogenetic  field — such  as  is  found  in  the 
south  of  the  Iberian  Peninsula — an  unvarj^ing  water-sulphide  ratio 
throughout  the  whole  field  is  unlikely. 

While  the  hydrothermal  mattes  were  still  liquid  further  differ- 
entiation took  place  as  the  result  of  partial  crystallization  of  their 
sulphide  contents. 

At  one  stage  in  the  progressive  increase  of  the  water  content  of 
the  residuum,  a  condition  analagous  to  colloidal  sols  existed. 

There  is  no  reason  to  suppose  that  at  this  phase  metasomatic 
replacement  could  not  have  operated,  under  local  conditions  that 
were  favourable,  thus  masking  the  normal  clear  line  of  demarcation 
between  massive  pyrite  and  the  ore  of  undoubted  hydrothermal 
replacement  origin. 

The  water-pyritc  ratio  of  the  differentiates  may  have  varied  not 
only,  as  suggested  by  Edge,  during  the  crystallization  of  the  mass, 
but  also  during  the  period  when  the  solutions  were  emanating 
from  the  parent  source.  This  could  also  occur  from  point  to  point 
in  the  metallogenetic  province. 

It  is  probable  that  there  were  no  definite  boundaries  between 
hydro-p\'ritic  mattes,  colloidal  sols,  and  hydrothermal  solutions. 
In  a  metallogenetic  province  as  large  as  that  under  consideration, 
the  conditions  were  so  varied  as  to  give  rise  to  ores  deposited  from 
intrusive  hydro-pyritic  mattes,  from  colloids,  and  as  replacements 
by  hydrothermal  solutions,  depending  on  the  prevaiUng  conditions 
— even  though  the  parent  magma  throughout  the  field  was 
substantially  the  same. 

Acknowledgment 

Acknowledgment  is  due  to  the  Board  of  Arrendatarios  de  San 
Telmo,  Ltd.,  for  their  kind  permission  to  publish  this  paper. 


^^*  Extra  copies  of  this  paper  may  be  obtained  at  a  cost  of 
Is.  6d.  each,  at  the  office  of  (he  Institution,  Salisbury  House, 
Finsbury  Circus,  London,  E,C.  2. 

OBOWTHBB  &  aoODKAN  ^Branch  of  The  Argus  Prets  Ltd.),  2,  CarmtUte  St.,  Iwudoiv,  T£>.C  A. 


CUPREOUS  PYRITE 


COMPLEX  ORE 


PYRITE 


COMPLEX  ORE 


PYRITE 


i}7:>iYn  cL'AinsU^ 


3iiO  X3J9MOD 


\ 


3TmY<i 


3A0  xajqMOD 


X 


\ 


V. 


3TbnY«i  ^ 


•^^ 


N 


Z.  Au^K :  The  San  Telmo  Ort-Body,  Spain. 


j^H 


2  ANDREW   PEARSON  :   A  PROJECTED  CENTRAL  MILL 

«  Ai  ff  tfBt  ftt€>p  it  WAS  decided  to  iiftJufle^tiOrtito  ampng^''thbbS 
materials  administered  by  the  Chrome  Ore,  Magnesite,  and  Wolfram 
Control  of  the  Ministry  of  Supply.  That  the  measures  subaor 
quently  taken  proved  to  be  successful  from  the  war  point  of  view 
can  be  seen  from  the  fact  that  no  consumer  went  in  short 
supply  and  that  the  material  now  sold  is  of  a  higher  grade  than 
that  with  which  the  market  was  formerlv  forced  to  be  satisfied. 

As  a  sequel  to  these  investigations  and  the  various  other  steps 
taken  by  the  Chroine  Ore,  Magnesite,  and  Wolfram  Control,  the 
principal  producers  got  togetfier' and  formed  the  British  Fluorspar 
Producers  A0sociationy,a  bo^  which  can  u^w-^p^ajc  for  the  inii^tqr 
as  a  whole,  when  dealing  with  grades,  specifications,  prices,  quotas, 
etc.  Table  I  shows  the  latest  estimates  of  production  and  con- 
sumption of  fluorspar  in  this  country. 

Nature  of  thi^  Product  Rbquired 

As  will  be  seen  from  Table  I  fluorspar  is  sold  under  various 
grades — n^id,    ceramic,    metallurgical    grade,    etc.    Acid    grade 

Table  I 

ApPROXIMATK  FLUOB8PA9  FBODUCZnOBT  AND  COMIHTMfTIOar  DURINO    1944. 

.  ,    . .  Tom 

ProdueHon 75,000  (all  grades) 

Conwmjirt^;  Steelworks .63.700 

Non-ferrous '3,600 

Cfiemical i.l.  3,600 

Qlass  and  enantols    330 

Sundry  users. 490 

71,620 

represents  the  purest  material  and  should  contain  flus  98  p^  cent' 
CaFg  and  under  1  per  cent  SiO,,  with  freedom  from  sulphur  (whidi 
causes  corrosion  in  the  acid  makers'  plant).  For  this  material 
there  is  at  J)reseut  in  this  country  a  market  of  something  of  the 
order  of  5,000  tons  per  annum  and  the  tendency  should  be  for  this 
demand  to  incr^^ase  when  developments  in  refrigeration  and 
insecticide  products  based  on  fluorine  compounds  make 
themselves  felt. 

Welding,  ceramics,  and  light-alloy  technology'  also  call  for  a 
fairly  high-grade  product,  around  96  per  cent  CaP^  and  Under 
2'5  per  cent  SiOj,  but  the  demand  is  in  no  waj-  corapjarable  with 
that  for  metallurgical-grade  material,  under  which  classification 
I  bout   85   to   90   per   cent   of   the   tiuorspar   production   is  soldi 
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Strictly  speaking  metallurgical  spar  should  contain  ylus  85  per  cent 

CeFj  and  less  than  8  per  cent  SiOj,  but  much  material  of  an  inferior 

qoalitj  still  finds  its  way  to  the  consumer. 

Table  II  shows  the  recognized  grades  for  metallurgical  spar  and 

the  present  prices  paid. 

Table  II 
St.\jjpard  Grades  and  Prices  of  Derbysuirk  and  Durham  Fluobispar 

FOR  Metallurgical  Use 

Derbyshire  Production  : 

GnKUd  Fluorspar  :  ABODE 

r«F2  (minimum),  per  cent  80  to  85   75  to  80  70  to  75  65  to  70  60  to  65 
SiOj  (maximum),  per  cent         8  10  12^  15  16 

Price  per  ton  (F.O.R.) 908.       728.  6d.  628.  6d.  578.  6d.  528.  6d. 

Vtufraded  Fluorspar  : 

CaFg  content  60  per  cent  and  under,  price  F.O.R 30b. 

CaFj  content  over  60  per  cent,  price  F.O.R 408. 

Durham  Production  : 

Grftded  Fluorspar  :  12  3 

CaFj  (minimum),  per  cent 85  to  90            80  to  85  75  to  80 

SiOj  (maximum),  per  cent 6  to    8            12  to  14  14  to  16 

Price  per  ton  (F.O.R.)    908.                   SOs.  658. 

Ungraded  Fluorspar  : 

CaF*  content  below  75  per  cent,  price  F.O.R 50s. 

{Ex  British  Fluorspar  Producers  Association.) 

Raw  Materials 
In  1941  some  60  per  cent  of  the  production  of  fluorspar  in  this 
country  came  from  the  retreatment  of  old  base-metal  mine  dumps 
and  only  40  per  cent  from  actual  fluorspar  mining  operations. 
Derbyshire  and  Durham  are  the  main  producing  centres  and 
Appendix  I  shows  the  scale  of  these  operations. 

Present  Methods  of  Production 

As  abready  stated  a  very  large  proportion  of  the  fluorspar 
produced  here  is  obtained  from  the  treatment  of  old  mine  dumps, 
jig  tailings,  etc.,  and  the  extent  to  which  such  material  is  processed 
before  sale  varies  with  the  locality  and  the  nature  of  the  material 
composing  the  dumps. 

Generally  speaking,  as  little  as  possible  in  the  way  of  treatment 
has  been  done  in  the  past  and  for  this  two  reasons  were  operative. 
Much  of  the  fluorspar  trade  was  in  the  hands  of  small  producers, 
who  lacked  the  necessary  capital  to  indulge  in  what  to  them  was 
the  luxurv^  of  expensive  washing  plants  when  a  market  could  be 
found  for  a  low-grade  material  which  could  be  loaded  direct  from 
the  dumps,  or  at  most  carried  the  cost  of  a  simple  preliixmv^xy 
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screening  and  log-washer  treatment.  The  second  reason  aroae 
from  the  lack  of  interest  on  the  part  of  some  of  the  steel  makefs 
regarding  the  grade  of  material  supplied  and  their  apparent 
complacency  with  existing  conditions. 

To  the  steel  maker  fluorspar  has  always  been  regarded  as  a  very 
mixed  blessing.  The  advantage  of  its  use  in  increasing  dlag 
fluidity  on  the  one  hand  is  offset  by  the  reduction  in  citrate 
solubility  when  basic  slag  for  fertiUzer  purposes  is  one  of  his 
sources  of  revenue.  As  the  total  cost  of  fluorspar  needed  per 
ton  of  steel  produced  is  somewhere  in  the  region  of  -i^d. — i.e., 
roughly  0*1  per  cent  of  the  value  of  the  product — the  attitude  of 
the  steel  maker  is  to  a  certain  extent  understandable,  but  neverthe- 
less has  not  been  conducive  to  the  development  of  a  healthy 
fluorspar  industry.  It  was  mainly  the  energetic  action  of  the 
Fluorspar  Control  in  calling  for  graded  material  which  ft>cused 
attention  on  the  necessity  for  more  efficient  methods  of  treatment. 

With  one  or  two  exceptions  log-washing,  screening,  jigging,  and 
tabling  comprise  the  flow-sheet  of  the^  majority  of  treatment 
plants  operating  in  this  country  to-day.  Fluorspar,  however, 
although  a  relatively  heavy  mineral  compared  with  the  accompany- 
ing gangue,  of  which  approximately  60  per  cent  of  the  dumps  are 
composed,  is  also  an  extremely  friable  mineral  and  in  thc^  course 
of  handling  and  treatment  large  quantities  of  fines  are  produced. 
These  fines  carry  a  very  large  proportion  of  the  fluorspar  values 
and  consequently  flow-sheets  based  on  gravity  separation  alone 
are  incapable  of  achieving  high  recoveries. 

Suggestions  for  treatment  by  sink-and-float  methods  of  con- 
centration or  by  table  agglomeration  have  been  put  forward  and 
have  oven  been  successfully  employed  in  the  Ihiited  States  to 
give  good  recoveries  as  compared  with  normal  jigging  and  tabling 
practice,  the  former  of  which  especially  is  more  conducive  to  the 
production  of  fines,  but  only  a  combination  of  gravity  and  flotation, 
or  of  flotation  alone,  will  permit  of  reasonable  recoveries  being 
obtained  over  all  sizo  ranges  in  which  tlie  fluorspar  occurs  in 
these  dumps,  which  form  so  large  a  proportion  of  the  present 
source  of  supply.* 

*At  this  point  it  may  be  of  interest  to  draw  attention  to  the  pot^ibilitieB 
which  lie  in  some  of  these  dumps  being  regarded  as  a  source  of  both 
barytes  and  fluorspar.  This  applies  more  ]mrticularly  to  certain  du^ps 
situated  in  the  Eyam  district  of  Derbyshire,  where  operations  for  recovery 
of  the  barytes  by  jigging  have  been  conducted  for  some  time  past.  Tevts 
made  on  tliis  mat^erial  showed  that  quite  a  good  grade  of  barytes  could 
be  separated  from  the  fluorspar  in  the  flotation  circuit  and  as  much  of  the 
barytes  is  of  the  amorphous  quality  it  would,  aft^r  bleaching  if  foond 
necessary,  find  a  ready  market  in  the  paint  trade. 
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Bealizing  this,  the  examination  of  the  various  sources  of  supply 
then  being  conducted  by  Dr.  Dunham  and  Mr.  Jackson  inchided  a 
comprehensive  series  of  tests  made  with  the  purpose  of  determining 
the  general  flotation  characteristics  of  the  spar  from  various 
localities.  The  tests  were  carried  out  by  one  of  the  Non-ferrous 
Mineral  Developmeat  Control's  metallurgists  (Mr.  L.  A.  Wood), 
and  Appendix  II  shows  the  results  he  obtained  and  the  conclusions 
drawn  therefrom. 

From  these  results  it  will  be  seen  that  Mr.  Wood  con.sidert'd 
the  Weardale  spar  to  be  more  amenable  to  flotation  treatment 
for  the  production  of  a  high-grade  product  than  that  produced 
in  Derbyshire,  since  the  latter  material  contains  appreciable 
quantities  of  calcite  and  barytes,  both  of  which  are  difficult  to 
remove  to  the  degree  necessary  for  the  production  of  a  really 
first-class  acid-grade  spar.  As  the  main  impurity  in  the  Weardale 
material  was  found  to  be  silica,  which  was  easily  depressed  in  the 
flotation  circuit,  better  recoveries  also  were  possible  when  trt-ating 
the  Weardale  spar  for  the  production  of  an  acid-grade  product. 

Proposal  for  New  Mill 

In  1943  a  deficiency  of  5,000  to  6,000  tons  of  high-grade  s]>ar  for 
acid  makers,  light  alloy,  and  ceramic  work  was  anticipated  by  the 
Fluorspar  Control  and  to  meet  this  demand  it  was  decided  to 
erect  a  new  mill. 

As  a  mill  based  on  such  a  hmited  tonnage  was  considered  to  be 
an  uneconomic  unit  it  was  decided  to  instal  a  plant  of  larger 
capacity  with  a  section  capable  of  producing  the  high-grade 
product  required,  whilst  the  main  production  could  be  marketed  as 
a  good  quality  metallurgical  spar,  for  which  there  was  also  an 
increasing  demand.* 

As  the  suitable  ore  reserves  of  Weardale  were  considered  bv 
geological  opinion  to  exceed  those  of  Derbyshire  and  as  the 
preliminary  test  work  had  indicated  the  advantage  they  possessed 
in  ease  of  treatment  and  higher  recovery  it  was  decided  to  instal 
the  new  mill  in  the  former  district,  where  it  could  be  fed  from  the 
ore  mined  in  Stotfieldburn  mine,  Stanhopeburn  mine,  and  Hope 
Ijevel  mine. 

Detailed  test  work  on  ore  from  these  three  mines  was  therefore 
Hntborized  and  the  results  obtained  from  Stotfieldburn  material 
^re  shown  in  Appendix  III. 

•A  preliminary  estimate  indicated  that  the  cost  of  milling  should  not 
exceed  368.  per  ton  of  finished  product,  a  portion  of  which  mi^t,  ho^QV«i, 
Teqoire  to  be  briquetted  at  a  cost  around  78.  6d.  per  ton. 


6  ANDREW   PEAR80N  :    A   PROJECTED    CENTR.\L   MILL 

Flow-Sheet. — The  flow-sheet  shown  in  Appendix  Y  (Plate  1) 
was  only  decided  upon  after  careful  study  of  these  test  results 
and  discussion  between  the  writer  and  the  engineers  in  charge  of 
the  work.  The  capacity  of  the  plant  at  100  tons  per  day  was 
decided  upon  as  being  in  the  circumstances  the  most  economical 
unit  both  as  regards  capital  outlay  and  working  costs. 

At  this  capacity  it  was  estimated  that  the  output  would  be 
from  30  to  35  tons  of  metallurgical  and  25  to  30  tons  of  acid-grade 
spar  and  about  one  ton  of  ^0  per  cent  Itjad  concentrates  per  day. 
It  was  recognized  that  a  portion  of  the  acid-grade  product  might 
not  necessarily  conform  to  the  rigid  acid  specilicaticm  and  would 
be  available  for  ceramic  or  metallurgical  service,  where  fineness 
is  not  an  ol)jection. 

This  flexibility  in  the  flow-sheet  was  deemed  necessary  in  order 
that  the  production  ratio  of  the  products  could  always  be  kept  in 
line  with  market  requirements,  whilst  at  the  same  time  rendering 
permissible  a  certain  degree  of  latitude  in  the  nature  of  the  crude 
mill  feed.  The  last  point  was  of  some  importance  as  (although 
geological  opinion  was  quite  satisfied  on  the  ore  reserves)  Stanhope- 
burn  mine  was  not  fully  developed  and  the  test  work  could  only  be 
done  on  samples  which,  especially  in  their  sihca  content,  might 
not  be  fully  representative  of  future  development. 

Sit^. — A  small  area  of  waste  ground  belonging  to  the  Ecclesiastical 
Commission  situated  about  half  a  mile  north  of  Stanhope,  adjacent 
to  a  railway  siding,  and  in  close  proximity  to  a  good  road  and  a 
power  cable,  was  selected  and  surveyed  by  the  engineers  entrusted 
with  the  design  of  the  mill. 

Mill  Design. — The  mill  was  designed  by  the  British  Geco 
Engineering  Co.,  Ltd.,  in  consultation  with  engineers  and  con- 
sultants of  the  Control  and  the  general  layout  is  shown  in  Fig.  1 
(Plate  I,  Appendix  V).  As  the  basis  of  the  operation  was  to  be  of  a 
customs  nature — the  various  producers,  however,  being  paid 
outright  for  the  CaFg  content  of  the  material  delivered  to  the 
iiiill — storage  and  sampling  equipment  was  given  careful  considera- 
tion and  the  layout  finally  agreed  upon  seemed  to  give  promise  of 
most  success. 

As  will  be  seen  from  the  analysis  in  Appendix  III  the  ore  frani 
Btotfieldbum  mine  was  found  to  be  the  most  suitable  for  the 
production  of  a  low-silica  acid-grade  concentrat.e  and  for  this 
reason  it  was  proposed  to  store  and  treat  it  separately.  The  ort^ 
received  from  other  sources  would  be  weighed,  sampled,  and  used 
as  a  composite  feed  for  the  production  of  a  jig  concentrate  of 
jnt'tallurgic-dl  grade  and  a  flotation  concentrate  of  ceramic  ghide. 
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part  of  which   could,  if   necessary,  after    briquet  ting,  be   sold    as 
metallurgical-grade  spar. 

When  treating  Stotfieldbuni  ore  alone  for  the  production  of  a 
high-grade  acid-spar  flotation  concentrate  the  mill  capacity  was 
rated  at  65  tons  of  throughput  per  day  (24  hours),  from  which  it 
was  estimated  that  40  to  45  tons  of  good-quality  acid-irrade 
concentrates  would  be  produced. 

The  type  of  dryer  to  be  used  for  drying  these  acid-^^radr  con- 
centrates received  careful  consideration  and  a  final  (b»cisioH  was 
made  in  favour  of  an  indirectly-heated  rotary  type,  although  the 
mill  designers  were  impressed  with  the  possibilities  and  thermal 
efficiency  of  the  Kestner  direct-contact  apparatus  for  drying 
material  in  a  tine  state  of  division — such  as,  flotation  concentrates. 

Although  no  provision  is  shown  in  the  null  plan  for  the 
briquetting  of  the  metallurgical-grade  flotatiim  concentrates, 
comprehensive  tests  W(»re  c<mducted  which  showed  that  no 
difticulty  would  be  experienced  in  obtaining  a  good-class  briquette 
using  under  5  per  cent  pitch  as  the  i)inder.  A  sample  lot  of 
l)riquettes  was  despatched  to  a  large  steel  maker  and  tested  on  a 
furnace  charge  and  a  favourable  report  on  their  efliciency  was 
received.  The  suitability  of  a  briquette  having  a  carbon  content, 
due  to  the  pitch  binder,  for  use  in  electric  furnaces  engaged  on 
high-class  special  steel  producticm  raised  certain  doubts  in  the 
mind  of  the  author,  but  it  was  felt  that  a  sintering  or  agglomeration 
method  of  treatment  of  the  concentrates  could  l)e  adopted  if 
uecessary. 

A  summarv  of  the  estimated  cost  of  the  mill,  excludimr  the 
bhqxietting  section,  is  shown  in  Appendix  IV. 

Although,  as  has  been  shown,  a  considerable  amount  <»t  work 
had  been  done  in  preparing  this  scheme  for  a  central  custom.-*  mill 
in  Durham,  the  plant  was  never  ertjcted.  Owing  to  th(^  efforts 
of  the  producers,  particularly-  in  Derbyshire,  the  threatened 
deficiency  in  supphes  of  both  nu^tallurgical-  and  acid-grade  spar 
had  been  averted  and  priority  for  construction  of  the  new  mill 
was  considered  unjustified  in  the  face  of  urgent  demands  on  labour 
and  plant  for  more  pressing  war  needs.  It  is  felt,  howevir.  that 
the  work  done  and  the  information  obtained  umst  hav<»  a  post-war 
value  to  those  interested  in  fluorspar  production,  particularly  to 
those  operating  ui  the  district  in  question.  In  the  hope  that  it 
may  prove  so  lies  the  justification  for  submitting  this  paper. 

Thanks  are  due  to  the  Raw  Materials  Department  of  the 
Ministry  of  Supply,  and  the  Controller  of  the  Non-ferrous  Mineral 
l)eTelopm^nt   Control   for  perwiBsion   to   pul)li8li;.   'also   U>   t\v% 
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managements  of  the  mines  mentioned  for  their  valuable  collabora- 
tion, and  to  the  officers  of  the  Geological  Snr^'ey  and  Controls 
whos»'  work  has  been  so  freely  quoted. 

Appendix  I 
Production  of  Fluorspar  in  Durham  and  Derbyshire 

It  was  estimated  in  1941-42  that  the  producing  properties  in 
Durham  and  Derbyshire  had  proved  and  probable  reserves 
equivalent  to  920,000  tons  of  100  per  cent  OaF^. 

In  1941  about  860  men  were  directly  employed  in  the  production 
of  fluorspar  in  these  two  areas,  and  of  these  185  were  employed  on 
mining,  100  on  washing  and  milling,  and  the  remainder  on 
reclamation  from  the  dumps. 

The  production  figures,  which  represent  spar  used  for  metal- 
lur^cjil  purposes  only,  were  as  under  : — 

DUBUAM 

Source  Monthly  Ou/pftt, 

Tons 

Mines  1,830 

Dumps    50 

Derbyshire 

Mines  360 

Dumps    3,1J0 

Cumberland  and  Yorkshire  produced  another  275  tons  per 
month,  equally  divided  between  dump  and  mining  operations. 

It  will  be  seen  that  about  60  per  cent  of  the  production  in  1941 
came  from  dumps.  Since  then,  however,  mining  activities  have 
increased  and  the  quantity  of  mined  ore  and  dump  material  are 
approximately  the  same. 

It  has  been  considered  that  as  a  result  of  further  developmeut  the 
probable  reserves  in  mines  in  Derbyshire  has  been  substantially 
increased  during  the  past  two  years. 

Appendix  II 

PUELIMINARY   TbSTS   ON    CONCENTRATION    BY    FrOTH    FLOTATION 

In  this  investigation  15  samples  in  all  from  Weardale  and 
]^(^rby shire  were  examined  with  the  object  of  determining  the 
mofit  suitable  source  of  supply  for  acid-grade  spar. 

Four  examples  of  the  procedure  adopted  in  testing  these  samples 
are  given,  together  with  a  summary  of  results  obtained  from  all 
the  samples  tested  by  Mr.  Wood  in  this  preliminary  investigation. 
Extracts  from  laboratory  reports  are  quoted  hereunder. 

Prelindnary  Preparation  of  the  Ore. — Preliminary  preparation, 

except  where  expressly  described,  consisted  in  reducing  the  siae 

of  the  material  by  dry  crushing  to  pass  a  screen  of  1/10  in.  square 

Hpprtnro  and  grinding  wet  in  the  laboratory  rod-mill  to   iBtbotit 
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lOO-meeh.  The  screen  analysis  given  in  the  report  on  Stotfield- 
bnm  No.  ]  is  approximately  representative  for  the  series  except 
wht»re  nataral  accumulated  slimes  were  treated.      , 

Example  (1) 
Stotfiddbum  No.  1,  15  Fin,  Ijevel  Forehead. 

Thitj  sample  (L.A.W.6)  assayed  78-89  per  cent  CaF, ;  7*47  per 
c^nt  SiOj ;  6-54  per  cent  Pb.  The  lead  was  present  as  galena  ; 
with  it  occurred  a  verv  small  amount  of  zinc  blende  and  some 
siderite.  The  degree  of  grinding  adopted  for  testing  was  as  shown 
in  Table  III. 

Table  III 


Screen  Size 
Tyler  Standard 

DigtribuUon 

On 

Thro' 

Direct 

Cumtdative  ^ 

% 

100 

1-7 

1-7 

160 

100 

8-9 

10-6 

200 

150 

17-3 

27-9 

200 

72- 1 

1000 

Separation  of  Sulphides. — The  sulphides  floated  readily  and  were 
removed  with  : — 

Cresol  =  0-25  lb.  per  ton  of  ore 

Potassium  Ethyl  Xanthat*?      ^0*10         ,,  „  ,, 

N(»  depressant  was  used  and  no  conditioning  period  required.  A 
totAl  of  six  minutes  frothing  time  was  ample  for  complete  extraction. 
The  concentrates  from  six  charges  were  mixed  together  and 
retreated  with  a  trace  of  cresol  only,  yielding  the  separation  shown 
in  Table  IV.  It  is  considered  that  substantially  all  the  sulphides 
will  leave  the  primary  machine  in  the  form  of  a  70  per  cent  Pb. 
product  or  better.  It  may  or  may  not  be  necessary  to  retreat 
this  with  the  use  of  depressants  to  get  a  smeltable  grade  concentrate. 

Table  IV 


Be/. 
LJi.W. 

Product 

Pb 

Zn 

Assay 

% 
Distri- 
bution 

of 
Lead 

Type 

/o 

Wl  of 

Crude 
Ore 

Fe 

Cah\ 

% 
43-61 

6-13 
80*32 

SiO^ 
0-36 

4-f  5 

4 
6 

Primary  Cones. 
Final  Cones.  . . . 
Midds 

10-94 
6-66 
6-28 

% 
38-2 

70-02 

4-61 

% 

1-83 
0-78 

% 
1-4 

100 

94-8 

..  . 

1 

1 

\ 
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Separation  of  FhiorUe, — Some  degree  of  lluorite  coucentjation 
was  obtained  by  using  oleic  acid  and  an  aerating  agent  (pine  oil 
or  other  non-acid  frother)  together  with  sodium  silicate,  but  it  was 
found  that  as  the  proportion  of  silicate  was  increased  the  froth 
became  very  fragile  and  recovery  fell  away.  If  the  pH  of  the 
circuit  was  kept  between  7  and  8  the  fluorite  floated  well.  More 
siUcate  could  be  employed  and  the  silica  more  effectively  depressed. 
The  following  test  was  chosen  as  indicative  : — 

Conditions : — 

Conditioned  15  min.  with  : — 

Sodium  Silicate  2*5  lb.  per  ton  of  ore 

Sulphuric  Acid    0-8  lb.       „       „       „        y      u  _  -  .» 

Oleic  Acid    0-7  lb.       „       ..       ,.        •     P^  =   ^  ^ 

Cresol    0-3  lb.       ,,       ,,       „ 

The  primary  concentrates  were  retreated  in  similar  circuit. 
Results  are  given  in  Table  V.  More  tluorite  could  be  extracted 
from  the  residues  of  this  test,  an  overall  recoverv^  of  90  per  cent 
of  the  fluorite  being  considered  quite  possible.  The  froth  was 
almost  perfectly  white  when  wet  and  separated  rapidly  at  a  rate 
similar  to  that  of  a  normal  sulphide  ore. 

Tablk  V 


Ref. 

Proffitct 

Assay 

%  DiMrihution 

No, 
L.A.W. 

%  Wt.  of 

Type 

Original 

Cat\ 

SiO^ 

SiO^ 

1 

Concentrate    . . . 

72-43 

O' 

99-53 

% 
003 

84-7 

5-81 

Midds 

4-75 

73-7 

13-50 

4  1 

6-28 

3 

Residues 

22-82 

41-67 

.38-92 

11-2 

87«I 

Original  

10000 

85- 1 

10-2 

100-0 

10000 

Mixed  1  and  2 

7718 

98-2 

1-59 

88-8 

1209 

: 

(Assays  by  Lnperial  Institute.) 

Note. — For  the  sake  of  uniformity  in  comparing  with  other  ores,  yield  and 
recovery  are  calculated  on  the  sulphide-free  product — i.e.,  the  total  of  the 
products  from  the  fluorite  sepcuration. 

Example  (2) 

Hope  Level  Waslied, — This  sample  assayed  81-21  per  cent  CaFj  ; 
15*54  per  cent  Si02 ;  0-41  per  cent  Pb,  and  contained  no  zinc. 
In  general  characteristics  it  resembled  Stotfieldburn  Samples 
1  and  2. 

Separatmn  of  Sulphides, — The  small  quantity  of  lead  present 
was   first   removed  with  cresol  and  potassium   ethyl   xanthate. 
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Three  charges  of  600  gr.  each  yielded  100  gr.  of  concentrates 
assaying  8-16  per  cent  Pb.  The  quantity  was  too  small  for  retreat- 
ment  and  the  question  of  reconoentration  was  left  over  as  being 
of  minor  importance  at  present. 

Separation  of  Fluorite, — By  the  use  of  neutralized  sodium  silicate 
to  the  extent  of  8-6  lb.  per  ton  of  ore,  as  with  Stottieldbum  No.  2, 
a  concentrate  was  obtained  which  weighed  63-6  per  cent  of  the 
original  and  which  assayed  99-58  per  cent  CaFg  :  0-19  per  cent 
SiO}.     It  contained  74*6  per  cent  of  the  fluorite  originall}^  present. 

The  primary  residues  carried  too  much  fluorite,  however,  and 
therefore  the  following  test  was  chosen  as  more  indicative  of 
possibihties.  The  charge  of  600  gr.  was  in  this  case  ground  for 
8  min.  in  place  of  the  usual  5  min. 

Vrimary  Separation  : 
Conditioned  15  min.  with  : — 

Sodium  Silicate 1-7  lb.  per  ton  of  ore 

Potassium  Bichromate 0-37     ,,       „       ,, 

Oleic  Acid  0-7       ,,        „       ,, 

Cresol 0-3       „       ,,       ,. 

First  Retreatment  : 

Sodium  Silicate 0-9  lb.  per  ton  of  ore 

Potassiiun  Bichromate 0-2       ,,       „       ., 

Cresol 0-1       „       „       „ 

The  concentrates  appeared  fairly  good  in  the  drained  froth,  but 
the  total  froth  as  separated  was  not  good  enough. 

Second  Retreatment : 

Sodium  Silicate 1-7  lb.  per  ton  of  ore 

Potassiiun  Bichromate 0-4       ,,       ,,       „ 

Cresol 0-1        ,,       ,,       „ 

The  results  are  given  in  Table  VI.  The  finished  concentrate 
was  white  when  wet. 

Table  VI 


Product 

Assay 

%   Distribution 

Ref, 

No. 

%  Wt.  of 

Li.  A. .  W . 

Type 

Ori(jinal 
740 

/o 

99- 19 

SiO^ 

CaF^ 
89-59 

SiO^ 

22 

Concentrates  ... 

/o 
0-54 

2-50 

23 

2ndMidd8 

6-9 

83-64 

11-62 

7-08 

5-03 

24 

Ist  Midds 

4-6 

40-62 

51-31 

2-23 

14-42 

25 

Residues 

14-6 

6-17 

85-45 

1-10 

78-06 

Original  

1000 

82-0 

16-0 

1000 

100-0 

22  and  23   

80-9 

97-86 

1-49 

96-67 

7-53 

(Assays  by  Michie  A  Davidson.) 
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Example  (3) 

Stanhopebum,  General. — Thig  was  a  good  white  fluorspar  con- 
taining a  little  lead.  It  assayed  (L.A.W.41)  84-16  per  cent  OaP,  ; 
9-9  per  cent  Si02  ;  0-55  per  cent  Pb  :  0-26  per  cent  Zn.  A  trace 
of  pyrites  was  also  present. 

Separation  of  Sulphides, — The  sulphides  were  removed  from  one 
charge  only.  The  concentrate  from  600  gr.  weighed  42  gr.  and 
assayed  6-59  per  cent  Pb  ;  1-65  per  cent  Zn  ;  1-81  per  cent  Pe. 
The  primary  concentrates  obtained  in  practice  would  be  far  richer, 
but  would  need  diflFerential  retreatment. 

Separation  of  Fluorspar. — This  material  reacted  in  a  very  similar 
way  to  Stotfieldbum  No.  1.  As  a  variant  on  the  Stotfield 
conditions  the  following  test  was  made  conditioned  20  min. 
with : — 

Sodium  Silicate 1*7  lb.  per  ton  of  ors 

Potassium  Bichromate 0-4       „       „       „ 

Oleic  Acid  0-7       „       „       „ 

Cresol 0-3       „       „       „ 

Eetreated  froth  in  similar  circuit  (less  oleic  acid) ;  results  in 
Table  VII. 

Table  VII 


Ref. 

No. 

L.A.W. 

Product 

Asa 
CaF^ 

my 

%Dua^ 

rt&uKofi 

Type. 

%  Wt.  of 
Original 

SiO^ 

CaF^ 

SiO^ 

37 

38&39 

40 

Concent rat-es  ... 

Midds 

Residues 

Original  

73-8 

11-5 

14-7 

100-0 

% 
98- 15 

76-83 

55-44 

89-4 

% 
0-86 

21-63 

43-02 

9-5 

80-96 
9-91 
913 
1000 

%1 

26-3 

67-1 

100*0 

(Assays  by  Michie  &  Davidson.) 

Example  (4) 

Masson  Mines — Avera^je. — No  lead  was  present  in  this  sample, 
which  assayed  (L.A.W.  57)  68-0  per  cent  CaFj ;  12-9  per  cent  SiO,; 
4  per  cent  BaS04  j  '^2  p^r  cent  Fe.  It  was  coloured  strongly 
brown  with  limonite  and  carried  calcite  and  a  clay-like  slime. 
This  was  more  troublesome  than  the  washed  material.  The 
reagents  used  for  the  washed  material  did  not  eliminate  all  the 
limonite,  but  when  the  final  froth  from  this  treatment  was  again 
retreated  with  silicate  and  bichromate  a  good-grade  concentrate 
was  obtained.  It  was  then  found  that  silicate  and  bichromate 
could  be  applied  for  elimination  of  limonite  by  first  removing 
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colloidal  slimes.  This  treatment  still  left  in  the  product  a  pro- 
portion of  barytes  which  could,  however,  be  removed  with 
quebracho.     The  following  test  is  ilhistrative  : — 

Removal  of  Colloidal  Slime, — Pulp  diluted  to  6  water  :  1  ore  and 
deflocculated  with  : — 

Sodium  Carbonate 1-5  lb.  per  ton  of  ore 

Sodiuu)  Silicate 0*9       ,,       »,       ,, 

The  pulp  was  allowed  to  settle  at  the  rate  of  1  in.  in  three 
minutes  and  the  shmes  siphoned  off.  It  is  to  be  inferred  that  these 
slimes  consisted  largely  of  clay,  as  they  contained  only  10-6  per 
cent  CaFg. 

Separation  of  ?liu)rite. — In  pulp  of  3  water  :  1  ore  the  charge  was 

conditioned  for  15  min.  with  : — 

Sodium  Silicate 1-7  lb.  per  ton  of  ore 

Potassium  Bichromate     0*4       ,,       ,,       „ 

Oleic  Acid  0*8       „       ,,       „ 

Pine  Oil  016     „ 

A  further  0*6  lb.  per  ton  of  oleic  was  necessary  during  separation 
of  the  froth.  Most  of  the  limonite,  calcite,  and  quartz  was 
depressed,  hut  barytes  floated  strongly.  The  froth  was  retreated 
with  : — 

Sodium  Carbonate    3*0  lb.  per  ton  of  ore 

Quebracho 0-1 

Crosol 0-3 

and  again  retreated  with  : — 

Sodium  Carbonate    3-0  lb.  per  ton  of  ore 

Quebracho 0-05 

Cresol 0-3 


** 


»♦ 


»» 


tt 


»♦ 


>» 


The  froth  was  pale  buff  coloured  when  wet  and  off-white  when 
dry.     The  results  are  set  out  in  Table  VIII. 

Table  VIII 


Product 

Assay 

Rcf. 

■ 



%  Distri- 

So. 

%  Wt.  of 

bution 

L.A.W, 

Type 

Crude 

CaFo 

SiO^ 

BaSO^ 

Fe 

CaF^ 

1 

o/ 

o 

o/ 

0/ 

/o 

/n 

/o 

/o 

52 

Slunos     

5-2 

10-6 





1-3 

HZ 

Concentrates 

371 

99-2 

Oo 

0-05 

.54-9 

.54 

2nd  Midds 

190 
130 
22-7 

83-9 
37-4 
37-7 

3-8 
2.5-6 

12-8 

13-3 

23-8 

.5f> 

Ist  Middn 

7-3 

56 

Residues    

12-7 

ni 

Crud  

lOOU 

680 

12-9 

40 

7-2 

1000 

$ 

53  and  .'>4 

r)6- 1 

941 

1-62 

78-7 

(Assays  by  Dunford,  Smith  &  Moore.) 
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It  will  be  noted  that  bv  cutting  out  the  tinal  retreatment  a  very 
good  metallurgical-grade  spar  is  made  and  there  is  a  very  fair 
chance  that  this  type  of  product  could  l)e  made  from  one  trtat- 

Table  IX' 

Summary  of  Rkcovkktks  and  Yields  Obtained  in  Pinal 

Pkoducts 


Sampie 


Stotfield  1    

•> 
»»       *•   

„       3  

Hope    1    

o 
»»       *•   

Stanhopebum 

Masson  Weu^hed... 
„         Averaged 
„         SlimoR    . . . 

Glebe   

Cupola 

Tidealow 


.    Product 


Ansa  If 


83-9 
76-6 
820 
79-4 
89-4 
78-3 
68-0 
61-6 
73-5 
39-6 
66-8 


9-5 


Yidd 

.'o 

72-4 
74-5 
734 
740 
73-3 
73-8 


CaF, 


51-5 

12-9 

37- 1 

1 

42-8 

14-9 

ol-3     1 

36-3 

9-4 

.■)81 

o/ 

99-53 

9918 

97-79 

99- 19 

98-22 

98- lo 

99- 1 

99-2 

98-8 

96-9 

97-2 

99-2 


o/ 

0-03 
NU 
0-99 
0-54 
0-85 
0-86 
0-60 
0-50 
0-9 
l-7« 
0-7 
0-1 


Becovery 

of 


84-7 

88- 1 

920 

89-6 

90-7 

810 

65  2 

54-9 

68-6 

676 

89*3 

86-2 


ment.  The  product  for  this  purpose  would  need  briquetting. 
From  Table  IX  it  will  be  seen  that  the  yield  per  ton  treated  is 
definitely  in  favour  of  the  Weardale  spars.  Combining  the  two 
factors  of  treatability  and  yield  it  is  probable  that  the  cost  of 
treatment  per  ton  of  tinished  acid-grade  spar  would  be  twice  as 
much  in  Derbvshire  as  in  Weardale. 

It  must  be  concluded,  therefore,  on  tlie  basis  of  the  samples 
actually  tested,  that  Weardale  is  the  most  promising  district  for 
the  production  of  acid  spar. 

Appendix  III 
Flotation  Concentuation  of  Stotfieldburn  FLvoKsrAK 

Samples  1  and  2 

These  tests  were  conducted  with  the  purpose  of  developing  a 
satisfactory  How-sheet  for  the  production  of  high-grade  acid  spar. 
The  procedure  adopted  in  the  tests  and  the  conclusions  reached 
are  shown  hereunder,  as  extracts  from  the  laboratory  reports. 

Description  of  Ore, — The  material  employed  in  these  tests — 
i.e.,  ore — consisted  of  a  mixture  of  equal  parts  of  two  samples 
submitted  by  Dr.  Dunham  in  February,  194*2,  and  labelled  respec- 
tively : — Stotfieldburn     No.    1,     15     Fathom      Level    forehead; 
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Stotfieldbum    No.    2,   East    Stope.     Preliminary  tests  in    these 
samples  were  made  as  part  of  a  review  of  the  possibility  of  making, 
acid  spar  from  several  ores  and  were  reported  on  May  16th,  1942. 

Both  samples  consisted  of  fluorite  carrying  silica  in  fine  vein-hke 
cracks.  Galena,  together  with  a  small  amount  of  blende  and 
pyrites,  occurred  as  fairly  large  crystals  in  the  fluorite.  Some 
siderite  and  some  calcite  were  also  present.  Analysis  of  a  repre- 
sentative sample  made  by  H.M.  Government  Laboratories  showed 
the  presence  of : — 74-5  per  cent  CaFg  ;  10-6  per  cent  SiOj  ;  3-5  per 
e»nt  CaO  :  5-6  per  cent  Pb  :  0-8  per  cent  Zn  :  0-6  per  cent  Fe  : 
tracer  of  BaS04. 

Prelimijiari/  Teats. — Preliminar}-  tests  consisted  in  trying  the 
effect  of  em  ploy  hi  g  the  following  circuit  reagents  with  oleic  acid 
for  the  separation  of  fluorite  : — 

(1)  Sodium  sihcate  in  various  strengths. 

(2)  Sodium  silicate  and  potassium  bichromate  in  various 
strengths. 

(3)  Sodium  carbonate  to  pK  10  to  10-5  phis  quebracho  in  various 
quantities. 

(4)  Sodium  silicate  neutralized  to  j;H  7  to  8  with  sulphuric  acid. 
It  was  found  that  the  best  yield  of  high-grade  concentrates  was 

made  with  sodium  sihcate  neutrahzed  with  acid.  The  product 
was  not  quite  so  white  as  those  in  alkaline  circuit  by  the  other 
r»'agents,  but  the  siHca  was  ehminated  with  far  less  loss  of  fluorite. 

Section  B  :    Test  on  10,000  or.  of  Ore  in  Denver  No.  7 

Machine 

Freparation. — Ore  was  crushed  dry  to  pass  a  screen  of  1/10  in. 
s((uare  mesh.  Ten  charges  of  1,000  gr.  of  )ninus  I/IO  in.  material 
with  500  cc.  of  water  were  ground  for  ten  minutes  in  the  laboratory 
rod-mill  to  the  degree  (about  65-mesh)  indicated  by  the  screen 
anal3^ses  of  the  concentrates  and  residues,  each  made  in  200  grs. 
after  15  min.  on  the  Ro-Tap.  (Table  X.)  The  full  charge  was 
diluted  to  a  total  of  30,000  cc.  of  water  in  the  Denver  machine. 

Table  X 


Tifler  Standard 

Residues 
%   \Vt.  of  Fraction 

( 'once 

O/      Wf 

/o    " '• 
Direct 

0-28 

2-44 
32-50 
64-78 

ntrafes 

of  Fraction 

On 

Thrmigh 

Direct       \  C^nynulative 

Cumulcttive 

6,-) 
100 

65 
100 
200 

5-3 
39-3 
54-4 

10 

63 

4o-6 

1000 

0-28 

2-72 

35-22 

10000 

16 


ANDREW  PEABSON  :   A  PROJECTED   CENTRAL  MILL 


Separation  of  Lead, — Pulp  was  conditioned  for  1  luin.  with  the- 
addition  of : — 

CreBylic  Acid,  0*5  cc.  =  0*1  lb.  per  ton  of  ore. 

Potass.  Ethyl  Xanthate,  1-5  cc.  of  10%  Soln.  =  003  per  ton  of,  ore. 

Separation  of  lead  froth  was  complete  in  5  min. 

The  primary  concentrates  were  retreated  in  a  smaller  machine* 
with  tlie  addition  of  a  trace  of  cresol.  Separation  was  as  shown 
in  Table  XL     The  final  concentrates  represent,  roughly,  the  abrade- 


Table  XI 
Rktreatment  of  Primary  Lead  Concentrates 


Mark, 
L.A.W, 

Product 

Assay 

1 

f 

/o 
Distribu- 
tion 

Type 

Weight, 
ffr. 

Pb 

CaF^ 

1 

Zn 

Fe 

Pb 

CaF^ 

170 
171 

Concentrates 
Middlings 

824 
158 

Q82 

% 
69-9 

15-2 

68-8 

/o 

10-8 
56-4 

% 
2-8 

4-8 

% 
2-9 

0-8 

% 
0-6 

2-6 

960 
40 

500 
500 

170  and 
171 

Primary  Cones. 

17-5 

1 

301 

2-4 

1-87 

100-0 

t 

lOOO 

to  be  expected  as  primary  concentrates  in  continuous  practice- 
They  require  retreatment.  It  will  be  remembered  that  those 
obtained  in  a  series  test  assayed  79-19  per  cent  Pb.  from  Stotfield 
No.  2  and  70-02  per  cent  Pb.  from  Stotfield  No.  1 .  As  no  depressants 
were  employed  in  these  tests  the  prospects  of  making  high-grade 
concentrates  are  good. 

Separation  of  Fhumie. — After  separation  of  the  lead  product  the 
pulp  in  the  machine  was  conditioned  with  : — 

Sodium  Silicate,  previously  neutralized        ]    2^^^.      =  4.8  lb.  ton  ore 

to  pH  7-8  with  Sulphuric  Acid      ...        j 
Oleic  Acid  ...  ...  ...  ...  •'>  cc.      =1*0     „     ,,     ,. 

It  was  intended  to  condition  for  10  min.,  but  after  2  min.  the 
froth  gathered  freely  and  overflowed.  Aeration  was  therefore 
recommenced  and  froth  removed  with  addition  to  circuit  as  make-up 
liquor,  a  sohition  containing  neutralized  sodium  silicate  of  strength 
0-8  gr.  of  water-glass  per  litre  of  water  :  15  min.  was  ample  for  this 
separation. 

The  residues  were  removed,  settled,  filtered,  and  dried.  They 
weighed  610  gr.  and  assayed  11-3  per  cent  CaFj;  y2-0  per  cent 
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The  concentrates  were  returned  for  re  treatment  with  addition  of 
make-np  solution  only  (0-8  gr.  of  neutralized  sodium  silicate  per 
litre).     Separation  was  again  rapid,  10  min.  being  sufficient. 

First  middlings  were  then  removed  from  the  machine,  settled. 
filtered,  and  dried.  They  weighed  590  gr.  and  assayed  7-8  per 
cent  CaFj  ;  79-4  per  cent  SiOj. 

The  concentrates,  now  assaying  97-05  per  cent  CaF2  and  l-7'2 
per  cent  Si02  were  again  returned  to  the  machine  and  retreated 
without  addition  except  for  make-up  liquor  (usual  strength). 

The  second  middlings  were  then  removed  from  the  machine. 
They  weighed  762  gr.  and  assayed  79-6  per  cent  CaFg  ;  14-35  per 
cent  SiOj. 

The  final  concentrates  were  filtered  and  dried  yielding  6,750  gr. 
of  dry  concentrates  assaying  99-0  per  cent  CaFg*  ^'^  P^'^  ^^'^^ 
SiOj,  0-4  per  cent  CaO,  and  traces  only  of  zinc,  lead,  and  iron, 
together  with  a  total  of  6,925  gr.  of  water  (W/S  ratio  =  1-02/1). 

The  second  middhngs  were  twice  retreated  in  a  smaller  machine, 
using  the  same  circuit  Hquor  and  with  two  drops  of  oleic  acid 
(about  0-3  lb.  per  ton  of  middhngs)  added  at  the  first  retreatment. 
The  second  retreatment  had  httle  effect. 

The  total  retreatment  yielded  632  gr^  of  concentrates,  assaying 
93-6  per  cent  CaFg  ;  4-6  per  cent  SiOg  ;  1*0  per  cent  CaO  ;  traces 
of  Pb;  Fe :  Zn ;  and  130  gr.  of  residues  assaying  12-3  per  cent 
CaF^;    61-6  per  cent  SiOg. 

In  the  second-grade  concentrates  thus  obtained,  the  sihca  was 
present  largely  in  the  form  of  compound  grain  of  silica  attached 
to  fluorspar,  the  proportion  of  silica  in  some  of  these  jrrains  being 
quite  large. 

In  the  first-grade  concentrates  nearly  all  the  silica  was  present 
in  compound  grains,  the  proportion  of  silica  in  the  grains  beins^ 
mostly  quite  small. 

The  weight,  proportion,  assay  and  proportionate  inahi  mineral 
contents  of  each  of  the  various  products  made  are  tabulated  for 
easy  reference. 


Extra  cafiBi  of  Unit  pttper  may  be  obtained  ai  \a  toti  ^af 
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Tto  iBstttatiOB  M)  »  body  U  not  responsible  for  tbo  statomonfs  msdo 
or  oplBloiui  oxiirosssd  in  any  of  its  pnbtioations. 

THIRD  ORDINARY  GENERAL   MEETING 

OF  THE 

FIFTY-FIFTH    SESSION 

Held  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

PiccadiUy,  W.  1, 

ON 

Thursday,  November  15th,  1945, 

Mr.  G.  F.  Laycock,  Vice-President,  in  the  Chair. 


DISCUSSION 

ON 

Tonnellixig  in  Oibraltar  during  the  1039^1046  War. 

By  W.  H.»  Wilson,  Member, 

The  Ohairman  said  that  the  first  paper  to  be  submitted  for 
discussion  was  one  on  Tunnelling  in  Gibraltar,  by  Major  W.  H. 
Wilson.  It  was  unfortunate  that  the  President  was  unable, 
owing  to  continued  ill  health,  to  preside  at  the  meeting,  as  he 
was  an  old  Tunneller  himself  and  would  be  most  disappointed 
not  to  be  present.  A  telegram  had  been  received  from  him 
expressing  his  deep  regret.  However,  as  his  deputy  it  was  a  happy 
coincidence  that  he,  the  Chairman,  also  happened  to  be  an  old 
Tunneller  and  he  was  very  pleased  to  see  such  a  large  audience — 
particularly  of  Tunnellers. 

It  would  not  be  out  of  place  to  mention  the  part  played  by  the 
Institution  in  connection  with  the  formation  of  Tunnelling 
Companies  in  the  early  part  of  the  war.  In  October,  1989,  the 
Institution  was  informed  by  the  War  Ofl&ce  that  it  was  the  intention 
to  form  a  Tunnelling  Company  immediately  along  the  lines  of 
thoie  employed  in  the  war  of  1914*-18  and  asking  for  the  [names 
of  members  who  had  had  tunnelHng  experience  in  the  previous 
world  war  and  were  available  for  service.  As  a  result  of  the 
information  the  Institntion  was  able  to  supply  certain  members, 
ahnoBt  in  the  matter  of  a  few  hours  and  rather  to  their  ^wtpme. 
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found  themselves  in  uniform  again  and  with  commissions  in  the 
Eojal  Engineers,  or  transferred  to  that  Corps  from  other  branches 
of  the  Services.  Almost  all  the  officers  of  the  first  Tunnelling 
Company  which  was  formed  were  members  of  the  Institution,  and 
as  other  Companies  were  created  the  services  of  more  members 
were  called  upon.  In  all  about  225  members  served  in  Engineering 
units  of  the  Imperial  Forces  in  different  parts  of  the  world.  Of 
these  188  held  Commissions  in  the  Corps  of  the  Eoyal  Engineers, 
many  of  them  in  the  Tunnelling  Companies,  where  they  served 
in  every  rank  from  the  lowest  to  the  highest — namely,  from 
2nd  Lieutenant  to  C.R.E.  of  a  Group.  In  addition  some  others 
were  co-opted  as  members  of  the  R.E.  &  S.  Board,  and  a  small 
sub-committee  of  the  Council  was  appointed  to  deal  with  matters 
brought  before  the  Institution  by  the  Army  authorities  at  various 
times. 

The  Institution  has  always  taken  an  almost  fatherly  interest 
in  everything  connected  with  Tunnelling  Companies  and  the 
Council  was  onl}'  too  dehghted  to  have  this  paper  submitted  for 
discussion.  Although  at  times  in  fairly  close  touch  with  some 
of  the  activities  of  the  Tunnelling  Companies  he  did  not  realize 
that  they  were  engaged  upon  such  large-scale  underground 
excavations  as  were  described  in  the  paper.  It  was  very  different 
work  from  that  carried  out  in  France  and  Flanders  in  the  previous 
world  war  when  most  Tunnellers  were  engaged  in  sinking  shafts 
and  driving  small  galleries  under  very  trying  conditions,  and  also 
in  dealing  with  delayed  action  mines,  booby  traps,  etc.  This 
was  very  tricky  work,  and  a  large  number  of  men  were  lost  in  the 
process.  If  the  present  paper  was  compared  with  the  paper 
by  Major  Standish  Ball,  read  in  1919,  the  tremendous  change 
that  had  taken  place  in  the  kind  of  work  done  by  Tunnelling 
Companies  would  be  appreciated.  Modem  mining  methods  could 
now  be  more  fully  employed  and  Tunnelling  had  taken  on  an 
entirely  new  aspect.  There  was  a  great  deal  of  valuable  information 
given  in  the  present  paper  as  to  the  methods  used  in  excavating 
the  rock  and  handling  the  broken  material,  and  he  felt  sure  that 
many  members  would  have  questions  to  ask  and  also  he  hoped 
some  constructive  criticisms  to  offer. 

There  were  many  distinguished  guests  present,  including 
Lieutenant- General  Sir  Noel  Mason  MacFarlane,  former  Governor 
of  Gibraltar,  General  Sir  Guy  WiUiams,  an  old  friend  of  the 
Tunnelling  Companies  in  the  last  war.  Brigadier  E.  J.  B.  Buchanan, 
Director  of  Fortifications  and  Works,  Colonel  H.  M.  Fordham, 
former   Chief   Engineer  of   Gibraltar,   and   Brigadier   T.   W.^  R. 
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Haycraft,  also  a  former  Chief  Engineer  of  Gibraltar.  From  the 
Government  came  Mr.  Cook,  Deputy  Chief  Inspector  of  Mines. 
The  Institution  was  honoured  to  welcome  the  guests  and  he 
invited  them  to  take  part  in  the  discussion.  Major  Wilson,  the 
author  of  the  paper,  was  also  present  and  would  be  able  to  introduce 
his  paper. 

I^^jor  W.  H.  Wilson  said  that  the  hrst  suggestion  that  he 
should  prepare  a  paper  on  the  activities  of  the  mining  profession 
in  the  Eojal  Engineers  was  made  to  him  in  1941  by  the  late  Mr. 
E.  H.  Chfiford,  then  President  of  the  Institution.  The  opportunity 
of  putting  this  suggestion  into  practice  came  later  in  Gibraltar 
and  he  was  glad  to  take  it,  thus  to  provide  a  record  of  the  work 
of  certain  of  the  Tunnelling  Companies  during  the  war.  This 
account  was  quite  properly  presented  to  the  Institution,  since 
most  of  the  mining  engineers  who  had  participated  in  directing 
that  work  were  members. 

The  Chief  Engineers,  Gibraltar,  during  the  war-time  years  were, 
in  succession,  Brigadier  H.  M.  Fordham,  Brigadier  T.  W.  K. 
Haycraft,  Brigadier  E.  X.  CHfton,  Brigadier  W.  G.  R.  Nutt,  and 
Colonel  R.  Colville — all  regular  R.E.'s.  Their  technical  advisers 
in  tuimelling  matters,  on  the  Royal  Engineers  side  were,  in  order, 
Lieutenant-Colonel  D.  M.  Thomson,  Lieutenant-Colonel  A.  R.  0. 
Williams,  Major  F.  N.  Spettigue,  and  the  author,  who  also  had 
command  of  a  Company.  Colonel,  now  Brigadier,  CoHn  Campbell, 
and  Lt.-Col.  C.  B.  North  and  Major  Tatham,  commanded  the 
Royal  Canadian  Engineer^  on  The  Rock.  Major  G.  A.  P.  Moor- 
head,  Major  E.  F.  T.  Maunsell  and  Major  D.  H.  Williams 
commanded  companies.  The  total  number  of  officers  concerned 
was  large  and  he  hoped  he  would  be  forgiven  for  not  naming  them 
all.  Xor  could  anything  but  a  passing  mention  of  gratitude 
be  given  to  the  very  large  number  of  X.C.O.'s  and  men  who  had 
given  years  of  hard  work  to  the  underground  projects  on  The  Rock. 

While  the  great  bulk  of  the  tonnage  had  been  mined  by  the 
Royal  Engineers,  the  Canadians  had  contributed  14  per  cent  of 
the  war-time  total.  It  was  noteworthy,  and  should  not  be  over- 
looked, that  part  of  the  machinery  indispensable  to  the  success 
of  the  tunnelling  operations  had  come  from  North  America.  The 
attention  of  the  Institution  was  now  being  directed  to  Gibraltar, 
but  it  should  be  observed  that  the  activities  of  the  Tunnelling 
Companies  were  much  more  widespread.  Work  had  been  done 
in  France  and  a  great  deal  in  England,  Malta,  and  elsewhere. 

Doubtless  members,  some  more  so  than  others,  would  have 
knowledge  of  the  great  history  of  The  Rock — the  Key  to  the 
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Mediterranean.  The  Moors-  entered  Spain  by  way  of  Gibraltar ; 
it  had  been  taken  and  retaken,  time  and  again,  and  not  the  least 
heroic  episode  in  its  momentous  story  was  the  great  siege  of  1779-88, 
when  for  four  long  years  it  had  withstood  the  strenuous  combined 
assaults  of  the  Spaniards  and  the  French.  It  was  during  this 
siege  that  the  old  galleries  were  driven  so  that  guns  could  be 
suitably  sited  to  cover  the  neutral  ground  and  to  provide  «over 
for  the  defenders  from  cannon  balls  and  primitive  bombs.  In 
modern  warfare  underground  cover  alone  provided  a  measure  of 
safety,  but  who  could  say  how  much  safety  was  given  or  how 
deep  the  workings  should  be  ? 

On  the  technical  side  the  author  said  he  thought  some  discussion 
might  arise  regarding  the  hand-held  drill  verstis  the  drifter.  The 
hand-held  drill  was  an  extremelv  useful  machine  and  was  versatile, 
if  such  an  expression  could  be  applied  in  this  connection.  It 
could  be  used  where  it  was  difficult,  or  perhaps  impossible,  to  use 
the  drifter.  But  it  was  a  *  brutal  *  machine  ;  the  wear  and  tear 
on  the  miners  using  it  was  considerable,  the  effect  of  the  incessant 
vibration  being  particularly  severe  when  it  was  used  for  drilling 
holes  at  shoulder  height.  In  South  Africa,  where  the  native 
miners  might  not  use  the  machine  for  a  long  period  of  years, 
being  a  migratory  or  transitory  class  of  workers,  the  effect  might 
not  be  unduly  great,  but  it  was  significant  that  in  North  America 
the  drifter  seemed  to  hold  the  field.  The  correct  choice,  of  course, 
was  the  drifter  for  *  straight  tunnelling  '  or  drifting,  and  the  hand- 
held machine  for  stoping  and  similar  operations  where  the  drifter 
could  not  be  used. 

While  dealing  with  drills  he  would  like  to  say  a  word  about 
drill  steels  and  bits.  The  Eip-Bit  was  only  one  of  several  types 
of  detachable  bit.  To  sharpen  it  a  grinding  machine  was  used, 
which  could  be  placed  conveniently  near  the  working  place. 
Grinding  had  the  advantage  of  eliminating  heat  treatment  of  the 
bits,  but  the  greatest  possible  care  had  to  be  taken  against  overheat- 
ing while  grinding.  The  miners  quickly  learned  to  stop  using  the 
bits  before  they  became  unduly  blunted,  thus  reducing  the  amount 
of  grinding  needed.  Some  other  types  of  detachable  bit  were 
sharp<'ned  in  a  hot-mill  and  then  re-tempered. 

The  standard  Army  issue  of  Rip-Bit  had  a  |-in.  stud.  This  was 
suitable  for  the  |-in.  steel  used  in  hand-held  machines,  but  for 
1-in.  drifter  steel  |-in.  studs  were  needed.  The  diamond-drill 
was  used  undergromid  on  the  Rock  for  drilling  holes  of  the  order 
of  100  ft.  long  for  the  comparatively  new  method  of  underground 
blast-hole  mining.     One  project  entaili^d  no  less  than  five  miles 
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of  such  drilling.  The  particular  machine  used  had  a  compressed- 
air  motor  rather  after  the  style  of  a  motor-cycle  engine.  From  a 
perusal  of  North  American  pubUcations*  and  advertisements  it  wag 
clear  that  much  ingenuity  had  been  expended  on  the  numerous  types 
of  blast-hole  machine  now  on  the  market,  and  it  seemed  that 
most  of  the  basic  principles  of  design  had  been  exhausted. 

As  the  paper  mentioned,  research  on  diamond-drills  for  drifting 
had  been  in  progress  before  the  war.  In  1937  the  author  saw 
such  an  experimental  machine  at  work  at  the  Witwatersrand 
University.  It  was  a  coring  drill,  in  contrast  to  the  normal  blast* 
hole  drill,  which  used  solid  bits.  The  reason  why  research  favoured 
the  coring  drill  might  well  be  that  diamondiferous  bits  were  used 
and  these  bits,  in  common  with  all  tools  containing  diamonds, 
were  extremely  expensive.  Possibly  the  coring  bit  was  a  measure 
of  economy.  The  author  thought  that  the  use  of  tungsten  carbide 
instead  of  diamonds  might  overcome  this  difficulty  of  excessive 
e4)st,  at  least  for  rocks  of  moderate  hardness,  and  he  hoped  for 
further  information  from  the  trials  being  made  on  The  Rock.  With 
the  heat  engendered  by  atomic  energy  it  might  well  be — in  fact, 
it  was  reported  in  the  Press — that  the  synthetic  diamond  was  a 
possibility. 

The  Eimco-Finlay  type  of  loader  was  admirable  for  tunnelUng 
oh  the  level,  but  a  word  of  warning  was  necessary  to  Army  users 
of  the  machine — it  needed  1-in.  air  hose  and  would  not  function 
properly  on  the  standard  issue  of  }-in.  hose.  Inclines  up  to  1  in 
7  were  driven  on  The  Rock  with  a  scraper-loader,  fitted  with  an 
air  winch.  Steeper  slopes  had  not  been  tackled  with  mechanical 
loaders  and  information  on  suitable  machines  for  such  an  operation 
would  be  welcomed. 

Standard  Ruston-Bucyrus  10-cu.  ft.  and  19-cu.  ft.  excavators 
were  used  underground  for  loading  fairly  big  to  really  big  rock, 
and  he  wondered  whether  the  bucket  design  was  quite  correct 
for  this  type  of  spoil.  The  cross-section  of  the  tunnels  had  to  be 
sufficiently  large  to  permit  the  passage  of  the  excavator.  The 
massive  Ruston-Bucyrus  37  would  have  been  much  more  suitable 
if  the  size  of  the  entries  and  of  the  chambers  had  permitted  its  use. 

The  comparative  figures  for  the  two  sorts  of  ducting — nibberized 
canvas  and  metal — were  interesting.  The  superiority  of  the 
former  was  due  to  the  small  number  of  joints  (only  one  per  100  ft.), 
the  absence  of  air  leaks,  and  its  complete  smoothness  when  indat4>d. 

♦Douglas,  R.  S.,  Brehavt,  C.  H..  Tayi^or,  W.  N.,  and  Shannon-,  H.  A. 
'The  New  HorcKliam  Method  of  Mining  at  Copper  Mountain'.  Mining 
Technology,  September,  1946. 
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Metal  ducting  in  use  underground  quickly  became  battered.  The 
air  speeds  were  quite  considerable — over  short  distances  the  fans 
dehvered  some  2,000  cu.  ft.  per  minute,  the  equivalent  aii*  speed 
being  over  40  miles  per  hour,  while  over  the  longest  distances  of 
ducting  used  the  air  speed  was  of  the  order  of  8  m.p.h.  From 
the  figures  given  in  the  paper  it  would  be  seen  that  benefit  from 
the  extra  power  derived  by  coupling  a  second  fan  in  series  or  in 
parallel  became  material  only  when  the  fans  were  blowing  air 
through  long  lengths  of  ducting — a  condition  of  slow  air  speeds 
combined  with  the  movement  of  a  heavy  column  of  air.  The 
canvas  ducting  was  invaluable  when  lateral  drives  were  being 
driven  in  addition  to  a  main  heading,  as  at  blasting  time  it  was 
very  simple  to  slip  out  a  100-ft.  length  of  ducting  over  the  portion 
where  it  would  otherwise  suffer  from  the  eifect  of  blast. 

The  rounds  in  the  tunnels  were  absolutelv  standard.  The  face 
was  marked  out  with  red-lead  paint  before  drilling.  Hole  directors 
were  used  and  they  were  very  simple  and  quite  effective.  Care- 
fully-prepared statistics  were  kept  and  showed  that  the  advances 
of  the  rounds  were  remarkably  constant.  Sockets  left  after 
blasting  were  extremely  short,  averaging  certainly  not  more  than 
8  in.  The  drilling  task,  of  the  order  of  60  ft.,  was  regulated  to 
fit  in  with  the  cycle  of  work.  The  area  of  tunnel  face  per  drill 
was  82  sq.  ft.  in  the  8-ft.  by  8-ft.  tunnel,  40  sq.  ft.  in  the  15 -ft.  hf 
8-ft.  tunnel,  and  48  sq.  ft.  in  the  12-ft.  by  12-ft.  tunnel.  This  was 
concordant  with  practice  in  the  United  States  of  America,  as 
Eichardson  and  Mayo,  in  their  excellent  modem  treatise  entitled 
*  Practical  Tunnel  Driving  '*  stated  on  p.  825,  referring  to  tunnel 
driving  with  drifters,  that  *  In  general,  one  drill  is  required  for 
each  80  to  45  sq.  ft.  of  face  area.' 

Diamond-drilling  was  not  on  a  task  basis.  The  footage  drilled 
per  machine  shift  was  just  over  80  ft.  In  assessing  the  merit  of 
that  figure  it  was  necessary  to  bear  in  mind  that  only  one,  or  .at 
the  most  two,  holes  were  drilled  from  each  set-up,  that  the  machine 
had  to  be  meticulously  aligned,  and  that  some  of  the  drilling  sites 
were  exceedingly  awkward.  In  contrast  to  this  figure,  it  was 
found  at  Copper  Mountain  (see  footnote  on  p.  5)  that  some  80  ft. 
per  shift  was  drilled,  but  this  figure  pertained  to  easy  set-ups, 
from  each  of  which  many  short  holes  of  some  60-ft.  length  were 
drilled. 

The  drilling  rate  of  the  hand-held  machine  was  0-5  ft.  per  min., 
and  of  the  diamond-drill  0-38  ft.  per  min.  at  some  1,500  r.p.m. 

*McGraw  Hill  Book  Co.,  Inc.,  1941. 
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The  corresponding  figure  for  the  Eimco  loader  was  a  wagon  in 
approximately  90  sees.  The  usefulness  of  such  figures  as  these 
depended  almost  entirely  upon  the  experience  of  the  engineer 
judging  them,  but  they  showed  clearly  enough  that  the  cycles  of 
work  had  an  ample  margin  of  safety — there  was  power  and  time 
in  reserve. 

There  was  no  doubt  that  the  section  of  the  paper  dealing  with 
diamond-drilUng  blasting  would  be  of  particular  interest  to 
members.  Before  embarking  on  a  big  progrannne  of  drilling, 
Brigadier  W.  G.  R.  Nutt  had  asked  for  comparative  statistics 
to  be  prepared — diamond-drill  blasting  versus  conventional  mining. 
The  former  method  was  well  in  the  lead,  but  it  had  other  merits 
that  could  not  easily  be  assessed  in  figures — such  as,  the  absence 
of  overbreak,  the  good  condition  of  the  walls  after  blasting,  and 
the  unhurried  cycle  of  work. 

With  regard  to  the  *  High  Chambers  '  (Fig.  17  of  the  paper)  the 
author  said  that  Colonel  R.  Colville  had  kindly  written  him  to  the 
effect  that  the  method  of  working  had  been  modified  to  overcome 
the  delay  in  mucking  out  the  top  half  with  the  Ruston-Bucyrus  10, 
by  diamond-drill  blasting  the  back,  the  sides,  and  the  lower 
haunches  in  one  operation.  The  sequence  of  operations  was, 
therefore,  1,  2,  4,  5,  and  in  a  single  diamond-drill  blast,  8  and  6. 

One  of  the  most  difficult  tasks  undertaken  that  year  was  that  of 
raising  the  height  of  a  chamber  26  ft.  high  an  additional  10  ft. 
This  was  eventually  accomplished  in  a  single  blast. 

With  regard  to  the  arching  of  underground  excavations  :  When 
an  excavation  was  made,  somewhere  in  its  back  (or  roof>  was  a 
line  above  which  all  the  stresses  were  in  compression,  as  in  an 
arch.  It  was  difficult  to  say  where  this  Une  would  be  in  any 
particular  medium,  at  any  given  depth,  but  it  seemed  clear  that 
the  wider  the  excavation,  the  higher  the  line  of  the  arch  would  be. 
He  thought  it  was  right  to  say  that  all  rock  below  the  '  equihbrium 
arch  '  was  hanging  on  to  the  arch  and  depended  for  its  stability  on 
the  tensile  strength  of  the  rock.  A  simple  analogy  would  be  a 
milway  arch  in  which  the  arch  had  been  filled  up  with  brick — who 
could  say  when  the  filling  would  fall  out  ?  To  be  structurally 
sound,  therefore,  the  excavation  must  be  correctlv  arched,  the 
arching  being  progressively  steeper  as  widths  increased.  He 
thought  that  it  was  safe  on  The  Rock  to  leave  excavations  flat  up 
to  some  12  ft.  to  15  ft.  in  width,  but  thereafter  they  should  be 
arched.  It  could  not  be  too  emphatically  pointed  out,  however, 
that  arching  would  not  prevent  the  odd  block  of  rock  between  slip 
planes  from  eventually  becoming  dislodged.     He  dovibVed  \i  ^-aX* 
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spans  of  any  great  width  would  be  stable  under  heavy  shock,  the 
condition  which  they  were  made  expressly  to  defy. 

A  point  of  interest  was  that  as  work  in  these  big  chambers 
proceeded  the  back  was  inspected  with  the  aid  of  a  strong  light, 
and  small  fragments  of  rock  that  had  become  detached  were  shot 
off,  using  a  rifle  and  lead  bullets.  A  -22  gave  an  astonishingly 
heavy  blow  and  brought  down  any  piece  that  was  on  the  verge  of 
falling. 

The  author  added  that  he  had  not  thought  it  necessary  to 
recount  the  various  stages  by  which  methods  had  been  improyed 
and  the  sizes  of  chambers  increased.  Evolution  had' taken  place 
in  this,  as  in  all  other  work. 

In  conclusion,  the  author  expressed  thanks  to  his  excellent 
surveyor-draughtsman,  Corporal  N.  W.  G.  Haynes,  who  had 
assisted  with  the  illustrations. 

Lieut.-Q^n.  Sir  Noel  Mason  Macfarlane,  M.P.,  expressed 

his  thanks  for  the  invitation  to  attend  the  meeting  to  hear  Major 
Wilson's  talk  on  his  interesting  paper.  This  was  not  the  first 
time  that  he  had  talked  to  a  tunnelling  gathering.  He  had  spoken 
on  several  occasions  to  his  Companies  in  Gibraltar.  He  remem- 
bered one  occasion  on  which  he  spoke  to  about  800  Canadian 
Tunnellers  at  a  time  when  they  thought  they  had  been  let  down 
and  he  had  to  explain  that  things  were  not  as  bad  as  they  thought. 
This  was  less  of  an  ordeal  than  his  task  in  addressing  so  distin- 
guishi^d  a  gathering  to-day.  Another  occasion  he  would  never 
forget  was  the  official  opening  of  the  Great  North  Road  on  its 
completion  by  170  Company. 

In  The  Rock  at  Gibraltar  there  were  the  original  tunnels  dating 
back  to  the  great  siege,  and  there  was  another  phase  of  timnelling 
at  the  end  of  last  century,  or  the  beginning  of  this,  when  a  certain 
amount  of  Naval  tunneUing  was  done — including  the  Naval  Dock- 
yard tunnel,  which  went  right  through  The  Rock.  There  was  a 
certain  amount  when  the  civilian  air  raid  shelters  were  built  and 
they  proved  of  tremendous  value  durin'g  the  whole  of  the  time  of 
the  war.  The  final  stage  was  undertaken  after  Dunkirk,  when, 
for  the  first  time,  there  seemed  to  be  a  possibility,  in  fact  a  strong 
probability,  that  the  Germans  might  descend  upon  the  garrison 
through  Spain.  Some  very  anxious  times  were  passed  through 
during  those  days.  One  of  the  great  difficulties  was  the  question 
of  just  where  to  start  and  what  should  be  done.  It  was  a  situation 
where  a  short- teriti  policy  had  to  be  married  to  a  long-term  policy  ; 
the  short-term  policy  had  to  be  very  active.  It  was  decided  to 
make  The  Rock  capable  of  standing  up  to  a  siege  without  relief 
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for  at  least  a  vear,  which  meant  accommodation  for  manv  thousand 
people,  with  all  the  ammunition,  rations,  distilleries  for  water,  etc., 
inside  The  Rock,  as  it  was  open  to  bombardment  not  only  from 
the  air,  but  from  the  ground  from  Spain. 

Work  was  commenced  and  the  initial  tunnelling  served  both 
purposes ;  it  helped  the  short-term  and  was  the  beginning  of  the 
long-term  policy,  and  as  time  went  on  the  tunnelling  policy  was 
developed  and  the  whole  network  of  tunnels  as  it  was  to-day 
tinally  emerged.  When  he  left  in  January,  1944,  already  1,000,0Q0 
Ions  of  rock  had  been  removed  and  probably  many  more  had  been 
taken  out  since  then. 

In  the  early  days  Colonel  Thomson,  who  went  out  with  the 
original  R.E.  Tunnellers,  Brigadier  Fordham,  Chief  Engineer, 
Colonel  Clifton,  and  Colonel  Pidsley,  the  G.I.,  and  himself,  used  to 
lunch  together  on  Sundays  and  then  go  round  to  see  the  week's 
work.  It  was  extraordinary  to  note  the  progress  and  the  advances 
made  by  each  Tunnelling  Company.  The  results  became  better 
and  better  as  time  went  on.  They  did  not  ever  take  to  the  local 
fMim  of  tunnelling,  where  the  local  Spaniard  or  Gibraltarian  lay 
on  his  back  and  worked  the  drill  with  his  feet ! 

The  speaker  had  various  recollections  of  tunnelling  in  Gibraltar. 
H«^  could  remember  the  original  shots  being  fired  for  the  whole  of 
tliH  new  svstem.  Another  recollection  was  of  a  tunnel  which  he 
bad  been  wanting  to  make  for  a  long  time  on  the  east  side  of  The 
Knck  wiiere  there  was  a  verv  bad  corner  and  nobodv  would  ever 
hi  him  build  it.  At  last,  in  building  the  aerodrome,  there  was  an 
f'xtra  large  blast  which,  combined  with  digging,  caused  a  landslide 
Avhich  covered  the  road  and  blocked  the  passage  round  the  east 
side,  so  he  was  finallv  allowed  to  build  the  tunnel.  There  was 
only  one  bad  accident  the  whole  time  he  was  there. 

The  real  point  he  wished  to  make  was  the  question  of  the 
Tunnelling  personnel.  He  had  178,  179,  180,  170,  and  m 
Tunnelling  Companies,  Royal  Engineers,  and  the  Canadian  tunnel- 
lers, with  their  special  diamond-drill  detachment.  They  were, 
without  exception,  absolutely  first-class  units  and  it  did  one's  eyes 
;^()od  to  see  the  way  they  carried  out  their  work.  In  the  days 
between  June,  1940,  and  the  spring  of  1941,  one  never  knew  what 
was  going  to  happen.  They  were  always  being  told  that  something 
might  happen  at  any  moment  and  yery  few  people  realized  what 
the  Gibraltar  garrison  was  doing.  They  worked  24  hours  round 
the  clock  ;  they  did  not  know  what  a  Saturday  afternoon  or 
Sunday  meant.  Having  done  an  eight-hour  shift  they  would  come 
off.  and  spend  two  or  three  hours  learning  to  man  a  Brew  ^vci  ot  ^ 
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mortar  or  something  else,  because  everybody  on  The  Eock  was 
going  to  fight  if  necessary.  He  could  honestly  say  that  he  had 
never  seen  a  finer  lot  of  men  than  the  Tunnelling  Companies  who 
were  working  all  the  time  he  was  at  Gibraltar.  The  machine  was 
of  immense  interest,  but  it  was  the  man  behind  the  machine  which 
counted  in  the  end  and  he  would  Hke,  once  again,  to  say  '  thank 
you  '  to  the  Tunnelling  Companies  who  put  up  such  a  magnificent 
show  in  Gibraltar  during  the  time  he  was  there  during  the  war. 

Oolonel  H.  M.  Fordham  said  that  General  Sir  Noel  Mason 
MacFarlane  had  left  him  very  little  to  add,  but  he  entirely  agreed 
with  every  word  that  he  had  said.  The  staying  power  of  the 
officers  and  men  in  the  Tunnelling  Companies  was  magnificent,  no 
Chief  Engineer  could  have  been  better  served. 

On  the  technical  side  there  was  one  point  which  might  be  of 
interest.  During  his  time  on  The  Rock,  from  September,  1940,  to 
the  beginning  of  1942,  the  diamond  drill  was  not  used,  l)roadly 
speaking,  for  '  slashing  *,  but  a  great  deal  of  use  was  made  of  it 
for  prospecting  and  it  proved  extraordinarily  valuable.  The  core 
would  come  out  beautifully  clean  and  one  could  see  the  nature  of 
the  rock  through  which  one  intended  to  proceed.  In  one  place 
they  were  working  where  it  was  known  that  the  mud  seam  was 
fairly  close,  holes  were  made  with  the  diamond  drill  at  both  ends 
of  1,100  ft.  of  core,  and  it  was  found  that  the  nmd  seam  on  that 
line  was  only  2  or  3  ft.  wide,  the  rest  being  firm  limestone.  In 
making  the  very  big  chambers  in  the  place  known  as  *  Gorts  ', 
where,  again,  a  mud  seam  was  known  to  be  near,  the  diamond 
drills  were  used  in  five  directions  and  showed  where  it  was  and 
how  far  it  was  safe  to  go.  Once  the  mud  was  reached  reinforced 
concrete  finings  had  to  be  used.  That  was  the  other  aspect  of 
diamond  drilling  and  it  was  of  the  greatest  value  in  planning  where 
new  works  should  be  sited. 

Professor  J.  A.  S.  Bitson  said  that  Major  Wilson  was  an 
old  colleague  of  his  and  the  paper  was  the  kind  he  would  expect 
from  him.  It  was  extremely  well  written,  concise,  amply  illus- 
trated, and  particularly  appficable  in  its  description  of  precise 
methods  to  the  phase  of  mining  in  which  Major  Wilson  made  his 
pre-w^ar  reputation — surveying.  He  had  already  been  awarded 
both  the  Student's  Prize  and  the  Gold  Fields  Premium,  so  that  one 
was  entitled  to  expect  something  very  good  from  him. 

Before  discussing  the  paper  ho  should  explain  that  he  was  not 
a  Tunneller  during  the  1914-1918  war,  but  he  took  a  Company  of 
Durham  miners  to  France  and  later  the  survivors  from  the  first 
gas  attack  were  transferred  to  form  one  of  the  earliest  TuimeUiug 
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Companies  and  he  was  left  behind  as  an  Infantryman.  The 
Infantry  lost  some  magnificent  men,  but  the  Tunnelling  Company 
was  the  gainer.  Although  he  remained  an  Infantryman  all  the 
rest  of  the  war  he  frequently  visited  his  friends  in  the  Tunnellers 
and  knew  something  of  the  work  they  did  and  it  was  because  of 
that  experience  'he  crossed  swords  with  Major  Wilson  when  he 
said  that  tunnelling  in  this  war  was  a  much  more  technical  business 
than  tunnelling  in  the  last  war.  He  could  conceive  very  little  more 
difficult  work  technically  than  driving  a  small  gallery,  silently,  in  the 
presence  of  enemy  listening  posts,  through  the  running  sands  of  the 
Flanders  Plain.  The  support  of  such  galleries,  the  removal  of  the 
spoil  and  the  packing  of  hundreds  of  tons  of  explosive  into  a  small 
space  >vere  achievements  of  no  small  technical  order.  The  successful 
operations  of  Messines  Ridge  and  the  mining  and  counter-mining  in 
the  Ypres  Salient  were  examples  which  illustrated  his  point. 

The  mechanical  assistance  which  the  Tunnellers  had  was  crude, 
but  it  was  made  to  function.  What  mattered  was  the  men  !  To 
the  earlier  generation  the  conditions  under  which  Major  Wilson 
was  and  the  other  Companies  were  working  in  Gibraltar  would  be 
heavenly  ;  firm  ground,  no  noxious  gases,  little  enemy  interference, 
easy  access  and  ample  space  to  work  in. 

The  first  impression  of  the  paper,  apart  from  this  particular 
point,  was  that  it  w^as  written  by  a  mihtary  and  not  a  civilian 
engineer.  The  Corps  of  Royal  Engineers  were  justly  proud  of  their 
work  and  carried  it  out  with  extraordinary  precision.  This  precision 
did  not  apply  to  the  mining  engineer,  who  had  to  break  ground 
at  minimum  cost.  It  was  very  difficult  for  him  to  understand  why 
it  i»hould  be  necessary  for  these  tunnels  and  large  excavations  to 
be  so  beautifuUv  made.  He  knew  of  cavities  in  limestone  which 
had  remained  open  for  many  years,  some  of  them  hundreds  of  years, 
quite  safely,  but  they  were  not  so  meticulously  made  nor  were  they 
so  correct  in  every  dimension.  After  being  excavated  the  sides 
were  dressed  down  with  a  bar  and  all  loose  and  hanging  stones 
removed.  They  were  periodically  examined  and  had  stood  the 
test  of  time.  Was  there  anything  in  the  Gibraltar  limestone  which 
rendered  it  different  from  the  Carboniferous  and  other  limestones 
of  this  coimtry  ?  He  suggested  that  natural  and  wholly  admirable 
pride  of  workmanship  was  carried  too  far  in  this  case  and  the 
author's  adherence  to  his  Corps  traditions  masked  his  economic 
mining  training.  It  might  well  be,  however,  that  for  security 
reasons  many  interesting  points  which  would  explain  this  extreme 
accuracy  had  had  to  be  omitted.  Major  Wilson  would  probably 
put  him  right  on  this  point. 


12  W.   H.    WILSON  :    TUNNELLING    IN    GIBRALTAR 

The  story  of  the  diamond  drill-holes  was  most  interesting.  As 
the  author  suggested,  this  method  might  have  an  increasing  use  in 
mining,  but  here  again  not  quite  as  it  was  used  in  Gibraltar.  In 
commercial  mining  there  was  no  necessity  for  such  accuracy  as 
would  necessitate  the  making  of  exploratory  slots  every  100  ft,  or 
150  ft.,  and,  if  the  hole  was  9  in.  out,  having  to  re-drill  it.  In  any 
case,  if  it  was  necessary  to  be  so  accurate,  he  was  surprised  that 
Major  Wilson  was  not  informed  that  methods  were  developed  early 
in  the  war  by  the  R.E.  Signal  and  Research  Board,  of  which 
certain  members  of  the  Institution  were  members,  wherebv  holes 
of  much  greater  length  than  the  ones  at  Gibraltar  could  be 
accurately  surveyed.  This  was  known  to  quite  a  number  of  senior 
Royal  Engineer  ofl&cers. 

There  was  no  adverse  comment  to  be  made  on  the  blasting 
technique.  He  assumed  that  the  insertion  of  every  cartridge  into 
the  hole  was  accurately  measured,  so  that  each  butted  up  against 
the  next,  otherwise  there  would  be  partial  burning,  possibly 
incomplete  combustion,  and  partial  misfire,  which  would  account 
for  the  excessive  fumes  and  cause  a  very  serious  dela^'.  He  also 
assumed  that  the  electrical  circuits  for  blasting  were  tested  for 
continuity  by  the  use  of  some  instrument  and  that  excessive 
resistance,  if  it  occurred,  would  be  detected.  He  would,  however, 
like  to  know  why  detonating  fuse  was  not  used  for  this  100  ft.  of 
explosive.  It  was  commonly  used  in  this  country  for  large  blasts 
in  limestone  which  brought  down  250,000  to  500,000  tons  at  a 
time.  The  remarks  in  the  paper  as  to  the  position  of  the  detonaior 
were  too  vague.  Experimental  work  in  this  country  showed  that 
there  were  only  two  positions  for  the  detonator — preferably  in  the 
uppermost  cartridge  pointing  axially  down  the  centre  of  the  charge, 
or  in  the  innermost  cartridge  pointing  up  the  charge,  again,  axially. 
From  the  diagram  which  he,  the  speaker,  showed  it  was  obvious 
that  the  proper  place  to  put  the  detonator  cartridge  was  in  the  end 
if  full  advantage  was  to  be  gained  from  its  initiating  shock.  The 
point  he  was  trj-ing  to  make  was  that  there  was  only  one  place 
for  the  detonator — at  the  end  of  the  charge  pointing  along  the 
charge. 

On  p.  9  there  were  some  tables  showing  fan  tests.  He  had 
analysed  these  tables,  particularly  Nos.II,iIII,  and  IV,  and  the  results 
were  very  inconsistent.  He  could  only  assume  that  the  quantity 
readings  were  incorrect.  They  did  show,  however,  the  extreme 
roughness  of  metal  ducts  as  compared  with  canvas  ductis.  If 
water-gauge  readings  had  been  taken  the  results  would  have  been 
more  valuable.     When  two  identical  fans  were  run  in  series  and  the 
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water  gauge  was  not  increased  the  quantity  produced  by  the  two 
fans  was  V2  times  the  quantity  given  by  one.  When  the  com- 
bined power  was  2  P,  the  quantity  would  be  v'2  Q.  When  the 
two  identical  fans  were  run  in  parallel,  the  water  gauge  did  not 
add  as  in  series,  and  advantage  was  only  gained  when  the  resistance 
to  the  flow  of  air  through  the  fans  themselves  was  considerable. 
Auxiliary  fans  on  a  mine  were  fans  in  series,  but  in  this  case  only  a 
portion  of  the  main  air  current  passed  through  the  auxiliary  fans, 
which  was  not  the  same  problem  as  the  case  where  the  two  fans 
were  in  close  proximity. 

Another  point  which  was  not  quite  clear  was  how  the  15-it.  by 
80-ft.  tunnels  were  driven.  A  15-ft.  by  8-ft.  tunnel  was  drilled 
first  and  the  back  was  drilled  by  th(5  man  standing  on  the  rubbish. 
Was  the  primary  tunnel  kept  only  a  few  feet  in  advance  of  the 
main  tunnel  ?  If  not,  how  was  sufticient  rubbish  removed  to  L'ive 
the  men  standing  room  when  drilling  the  *  back  '  '? 

W^hy  was  the  driUing  done  dry  '?  He  dishked  dust  in  all  circum- 
stances, even  if  it  was  limestone  dust,  and  he  wondered  whv  drv 
drilling  was  used  and  wh}^  salt  water  could  not  have  been  used  for 
laying  it.  There  was  probably  a  good  reason,  but  he  did  not 
know  it. 

Brigadier  R.  S.   G.  Stokes  said  he  would  likf^  to  snf>port 

the  congratulations  accorded  to  the  author  upon  his  lucid  descrip- 
tion of  a  special  and  important  task,  efficiently  executed.  Of 
chief  interest,  clearly,  were  his  observations  upon  diamond-drill 
blasting  practice.  Experience  of  its  merits,  and  also  the  limitations, 
had  been  rapidly  accumulating  in  recent  years  from  Cariada, 
Southern  Africa,  and  Australia.  The  new  data  from  (Jilnaltar 
would  be  widely  appreciated. 

The  increasing  scope  for  the  adoption  of  rotary  drills  for  blast- 
holes  in  mining  was  recognized  everywhere,  but  hopefnlly,  as  he 
saw  the  picture,  only  where  their  use  could  be  integrated  with 
daily  routine  practice,  and  not  for  such  intermittent  services  as 
in  the  partial  cutting  of  underground  engine  and  pump  stations 
sumps — the  commonest  rock  chambers  in  mining. 

For  obvious  reasons,  comparisons  of  cost  between  the  methods 
described  and  common  practice  could  not  be  presented,  but  the 
paper  would  have  been  much  enriched  and  conclusions  claritied 
by  an  analysis  of  time,  labour,  and  materials  employed  upon  a 
typical  chamber,  from  start  to  finish,  and  a  corresponding  estimate 
of  requirements  and  results  with  older  methods,  using  long  drifter 
holes.  Without  this  indication  of  over-all  economic  benefits,  he 
felt  that  practical  conclusions  could  be  drawn  only  \\'vV\\  ^x^aXi 
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reserve.  They  should  know  what  was  the  saving,  particularly 
in  time,  when  due  allowance  was  made  for  the  delays  in  rigging  up, 
the  facing  gf  the  rock  for  collaring,  rejection  of  holes  for  faulty 
ahgnment,  excavation  of  slots,  and,  after  the  hiast,  for  breaking 
up  of  big  slabs  and  boulders  for  easy  handling. 

Any  interruption  of  the  routine  cycle  of  daily  operations  that 
was  commonly  so  important  a  factor  in  the  establishment  of 
economy  underground  demanded  that  the  evidence  presented  in 
favour  of  dual-method  practice  should  be  particularly  strong. 
But  the  author  boldly  claimed  that  a  combination  of  diamond 
drill  and  jackhammer  or  drifter  work  would  apply  to  the  **  excava- 
tion of  all  very  large  chambers  in  the  future."  This  was  surely 
much  too  sweeping.  It  would  often  be  found  that  these  heavy 
blasts  were  too  severe  upon  the  roof  or  walls.  The  remarkable 
strength  of  the  steeply-dipping  limestone  of  Gibraltar,  carrying 
little  weight,  was  a  favourable  characteristic  not  found  in  the 
average  mine. 

Again,  they  must  consider  the  time  saved  by  the  easy  handling 
and  disposal  of  the  spoil  in  big  slabs,  as  shown  in  the  photo 
(Fig.  23),  without  all  the  popping  or  spalling  that  would  be  necessary 
if  the  spoil  had  to  be  passed  through  a  shaft  system  to  the  surface. 
Such  big-scale  operation  with  R.B.IO  and  19  excavators,  feeding 
lorries  direct,  would  rarely  be  capable  of  repetition,  except  for 
similar  accommodation  tasks  with  adit  facilities. 

Under  ventilation,  he  found  it  difficult  to  accept  as  characteristic 
the  author's  comparisons  between  the  efficiencies  disclosed  with 
special  canvas  ducting  and  metal  piping,  even  though  the  lengths 
were  100  ft.  and  10  ft.  respectively.  The  contrast  bewteen  2,600 
c.f.p.m.  and  630  c.f.p.m.,  at  300  ft.,  called  for  some  explanation. 
He  could  not  believe  that  the  pipe  jointing  received  the  meticulous 
care  which  admittedly  had  to  be  devoted  to  the  preservation  of  the 
canvas.  Galvanized  iron  piping  was  so  popular  in  mines  on 
account  of  its  comparative  durability,  strength,  and  cheapness  that 
he  suggested  the  author  could  not  leave  Table  II  as  it  stood  without 
elaboration  in  his  reply  to  discussion. 

Major  Wilson  gave  him  his  conception  of  tlie  part  to  be  played 
bv  the  Tunnellers  in  future  warfare.  He  feared  it  would  be 
necessary  to  have  a  vast  army  of  Tunnellers  at  work  for  a  good 
many  years  before  the  next  *  D  '  Day,  or  Doom  Day,  to  provide 
cover  of  any  critical  significance. 

Although  Major  Wilson  paid  fine  tribute  to  the  activities  of  the 
Tunnellers  in  the  first  great  war,  the  speaker  regretted  that,  in  a 
eontf^xt  of  particular  concern  to  the   Institution,  he  had  made 
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comparisons  between  the  r61es  played  in  the  two  wars  in  somewhat 
-controversial  terms.  Major  Wilson  said  that  the  main  task  of 
the  old  Tunnellers  called  for  much  endurance  and  courage,  *  but 
not  for  a  very  hi^h  degree  of  technical  skill.  The  tunnelling 
organization,  however,  was  large.'  The  word  *  however '  was 
truly  devastating.  The  speaker  could  not  accept  the  implications. 
*  Technical  skill '  postulated  the  application  of  expert  knowledge 
and  not  necessarily  mechanical  refinements,  which  were  sometimes 
poor  economics.  And  surely  technical  skill  of  a  very  high  order 
war^  displayed  in  the  silent  excavation  of  squeezing  clay  and  hard 
chalk,  in  sinkinu  through  wet  sands,  in  mine-listening  systems, 
in  Proto  rescue  work,  in  the  estimation  of  rupturing  effects  of 
charaos  in  variable  ground,  and  in  the  reopening  of  galleries  after 
enemv  blasts. 

The  success  of  the  first  war's  most  important  tunnelling 
operations,  culminating  in  the  capture  of  Messines,  was  chiefly 
due  to  the  liigh  technical  skill  of  the  Royal  and  Dominion  Engineers 
engaged.  Success  demanded  the  element  of  surprise,  and  surprise 
was  attained,  simply  and  solely  because  the  technical  advisers  of 
the  German  Staff  had  declared  deep  mining,  in  that  area,  for 
technical  reasons,  would  not  be  possible. 

The  speaker  referred  to  this  feature  of  Major  Wilson's  admirable 
paper,  with  some  reluctance,  in  the  interests  of  historical  accuracy. 
Quite  unconsciously,  he  was  sure,  Major  Wilson  had  presented  an 
unbalanced  picture  of  the  work  done  by  a  branch  of  the  Royal 
Engineers,  in  the  creation  of  which — under  the  leadership  of  the 
]ate  General  Harvev,  of  General  Williams  and  General  H viand — 
the  Institution  had  played  no  unworthy  part. 

Lt.-Ool.  A.  R.  O.  Williams,  after  congratulating  the  author, 
said  that,  having  had  some  connection  with  the  tunnelhng  work 
done  during  th(^  recent  war  at  Gibraltar,  it  seemed  clear  to  him 
that  the  mining  practice  described  was  that  prevailing  during  the 
past  two  years,  when  the  only  Tunnelling  Company  then  at  work 
had  had  ample  mining  equipment  and.  apparently,  never  suffered 
from  a  shortage  of  essential  stores.  The  great  bulk  of  the  under- 
ground w^ork  carried  out  in  The  Rock  during  the  war,  however,  was 
done  between  the  late  summer  of  1940  and  the  autumn  of  1948. 
Throughout  these  three  years  a  force  of  some  three  to  four  Tunnel- 
ling Companies  R.E. — for  about  two  years  one  of  these  was  a 
Canadian  Company — and  a  Tunnelling  Workshop  Section,  all 
grouped  under  Tunnelling  H.Q.,  R.E.,  was  continuously  at  work. 

The  paper  was  of  particular  interest  to  those  who  had  be^tv 
engaged  on  this  earlier  work,  for  the  methods  desenb^d  \ix  '^^y^x 
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Wilson  were  the  evolutionary  product  of  those  introduced  or  tried 
out  experimentally  during?  those  first  three  years.  Throughout  th<* 
major  part  of  that  period,  but  particularly  during  1940  and  1941, 
the  choice  of  tunnelling  methods  was  intiuenct^d,  in  fact  dominated, 
by  shortages  of  equipment  and  stores.  When  work  started  the 
only  drills  available  were  25-lb.  jackhammers,  while  u  quite  inade- 
quate number  of  a^^ed  100-cu.  ft.  portable  compressors  was  the 
sole  source  of  air.  The  dropping  of  a  bomb  in  September,  1940* 
on  part  of  the  E.E.  store  building  was  singularly  unfortunate. 

A  point  mentioned  by  the  author  was  the  virtual  absence  of  any 
hand-mucking.  For  about  the  first  12  months  all  broken  rock 
was  removed  from  the  working  faces  by  hand  shovel.  Later,. 
Eimco  loaders  and  Holman  scraper-loadei*s  arrived  on  The  Rock, 
but  not  until  the  tunnelling  force  was  reduced  to  one  Company 
were  there  sufficient  machines  to  allow  of  the  eHmination  of  hand- 
mucking.  Infantry  and  the  R.A.  did  most  of  this  hand-mucking, 
under  the  direction  of  the  R.E.  Tunnellers.  The  scraper-loaders 
were  not  ver}^  successful,  due  mainly  to  the  difficulty  of  obtaining 
suitable  steel  wire  rope,  but  the  Eimcos  W(^re  of  tremendous  help. 

Diamond  drilling  occupied  a  large  part  of  the  paper.  Some 
drills  were  brought  to  The  Rock  by  the  Canadians  and,  initially, 
were  used  for  making  bomb-  and  shell-proof  ways  for  signal  and 
pow^er  cables,  essential  pipe-lines,  etc.,  and.  to  some  extent,  tor 
prospecting.  Some  experimental  blast-hole  work  Avas  done  in 
1942  in  connection  with  the  excavation  of  large  chambers,  but  it 
was  really  the  inability  to  repair  l>rokon-down  drifters,  due  to  the 
non-arrival  of  spare  parts,  that  led  to  the  adoption  of  the  diamond 
drill  as  a  mining  or  excavational  tool. 

All  the  diamond  drills  and  the  operators  were  supplied  by  the 
Royal  Canadian  Engineers.  To  permit  of  diamond  drilling  being 
continued  after  the  withdrawal  of  the  Canadians  it  was  decided  to 
train  Royal  Engineers  to  do  the  work.  A  small  detachment 
(approximately  20  men  and  one  officer)  were  carefully  selected  from 
the  R.E.  Tunnellers  on  The  Rock,  none  of  whom,  except  for  some 
of  the  officers,  had  had  any  previous  experience  of  diamond  drilling. 
They  spent  a  month  with  the  Canadians  before  the  latter  left  and 
then  carried  on  on  their  own  with  great  enthusiasm  and  keenness. 
The  marked  success  that  attended  the  work  of  this  small  unit  was 
a  credit  to  the  Tunnellers  of  the  Royal  Engineers. 

He  would  like  to  mention  that  the  Tunnellers  received  everv 
help  and  encouragement  from  each  of  the  several  Chief  Engineers 
that  in  succession  directed  R.E.  work  at  Gibraltar.  He  would  also 
like  to  mention  in  particular  General  Mason  Macfarlane — *  Mason 
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« 

JMac  * — ^whose  unfailing  interest  and  enthusiasm  had  played  no 

small  part  in  such  success  as  the  Tunnellers  achieved  on  The  Rock. 

Lastly,  he  wished  to  say  a  word  about  the  fellow  who  formed  the 

backbone  of  the  Tunnelhng  force,  the  '  other  rank  ',  or,  as  a  previous 

speaker  had  aptly  termed  him,  the  man  behind  the  machine.     He 

came  from  the  coalfields  of  England,  of  South   Wales,  and  of 

Scotland.     Seldom,  if  at  all,  had  he  had  any  experience  of  hard 

rock  mining,  but  by  dint  of  sohd  hard  work,  carried  out  with 

cheerful  enthusiasm,  he  had  rapidly  mastered  the  new  technique 

and  soon  became  highly  efficient.     He  knew  that  every  mining 

engineer  who  had  had  the  privilege  of  serving  in  the  Tunnellers  with 

these  men,  these  British  coalminers,  looked  back  with  gratitude, 

and  pride,  upon  that  association. 

Mc^or  Q.  A.  P.  Moorhead  wished  to  give  some  facts  in 
defence  of  the  hand-drill  as  used  for  drifting  in  the  limestone  in 
Gibraltar.  Major  Wilson  was  of  the  opinion  that  if  in  the  early 
years  of  the  war  it  had  been  possible  to  forecast  a  long  programme 
of  tunnelhng,  the  hand-held  machine  should  have  been  given 
up  for  the  drifter.  Major  Wilson  also  said  that  in  an  8-ft.  by  8-ft. 
heading  working  with  two  machines  an  advance  of  72  ft.  was 
made  in  a  week  of  18  shifts,  which  accorded  with  his  own  experience 
on  The  Rock,  except  that  in  his  Tunnelling  Company  one  driller 
and  one  driller's  mate  were  employed  per  machine  and  not  two 
drillers.  The  task  was  the  same — namely,  46  ft.  per  machine, 
or  a  4-ft.  advance  per  shift,  but  this  task  was  nsuall}-  completed 
after  four  hours'  drilling.  On  occasion,  when  the  urgency  of  the 
job  warranted,  six-hour  shifts  were  worked,  which  gave  16-ft. 
advance  per  day,  and  in  this  manner  178  Company  K.E.  did  as 
much  as  110  ft.  in  a  week,  which,  for  a  short  time,  was  the  footage 
record  on  The  Eock.  It  was  improved  on  by  the  170  Company, 
which  did  180  ft.  in  a  week.  On  both  occasions  the  machines 
were  hand-held  and  he  did  not  think  that  drifters  would  have 
done  better  footages.  One  always  found  ventilation  and  spoil 
removal  the  bottle  necks. 

Tests  were  run  with  the  S.L.9's  mounted  on  cradles  and  used  as 
water  leyners,  but  the  advantages  gained  did  not  compensate  for 
the  time  lost  in  erecting  the  columns  and  laying  on  the  water  ; 
the  more  pleasant  working  conditions  were  not  appreciated  by 
the  men,  whose  one  aim  was  to  complete  their  task  as  quickly  as 
possible. 

Although  heavier  water  leyners  were  used  by  the  Canadian 
Tmmellers^  their  overall  time  on  development  was  no  better 
thiAB  the  British. 
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Professor  W.  R.  Jones  said  that  it  was  very  fortunate 
that  a  member  of  the  Institution  was  present  when  these  very 
important  operations  were  being  conducted  and  particularly  one 
who  had  the  gift  of  describing  them  in  clear  detail.  Major  Wilson 
stated  that  during  these  operations  there  were  severe  conc^itFa- 
tions  of  dusty  but  that  no  driller  suffered  any  apparent  harm  fzon 
inhaling  the  limestone  dust.  The  speaker  believed  there  was  a 
reason  for  this.  The  dust  of  limestone  was  not  so  harmful  as 
the  dust  of  silica  and  sihcate  minerals.  When  one  examined 
sections  of  lungs  one  found  that  the  dust  of  silica  and  silicate 
minerals  was  in  discrete  particles,  whereas  that  of  limestone  had  a 
tendency  to  aggregate,  forming  little  clots  of  dust  which  had  not 
the  tendency  to  penetrate  into  the  alveoli  of  the  lung  as  did  the 
individual  particles  of  the  former  minerals.  There  was  no  recorded 
case  of  pneumoconiosis  contracted  by  the  inhalation  of  pure  oi 
almost  pure  limestone  dust. 

The  cave  known  as  Wilson's  Cave  had  yielded  a  wealth  oi 
information  from  mammoth  bones  and  implements  and  Neolithic 
ware  found  there.  Some  bronze  rings  were  also  found,  whiol: 
the  British  Museum  had  recently  dated  as  600  b.o.  The 
various  articles  were  being  examined  and  it  was  believed — ht 
stated  this  on  the  evidence  of  a  letter  he  had  recently  received 
from  Captain  C.  B.  Alexander — that  a  great  amount  of  historioai 
information  would  be  obtained  from  them.  Major  Wilson  sent  him  a 
specimen  of  thel  ead  minerals  found  in  the  cave  and  it  seemed  possible 
that  metallic  lead,  taken  into  the  opening,  had  altered  to  pyro- 
morphite  and  lead  oxides  as  the  result  of  solutions  acting  on  organic 
deposits — such  as,  the  guano  and  bones  so  plentiful  in  the  cave. 

Major  Wilson  was  to  be  congratulated  on  his  lucid  presentation 
of  a  very  valuable  and  most  imteresting  paper. 

Mr.  W.  W.  Varvill  said  that  Major  Wilson's  paper  was  most 
timely  and  interesting  and  gave  a  wealth  of  detail  which  would 
be  very  useful  to  anyone  who  had  the  same  kind  of  work  to  do 
and,  as  he  stated,  they  did  not  know  to  what  depths  the  ne^ 
atomic  age  would  drive  them  to  seek  shelter. 

Speaking  as  a  Sapper  of  the  1914-18  War,  he  must,  however 
take  exception  to  the  author's  remarks  that  their  work  then  did 
not  *  call  for  a  very  high  degree  of  technical  skill.'  There  was  f 
tendency  for  the  new  generation  to  belittle  the  efforts  of  theii 
predecessors,  but  he  could  assure  the  author  that  those  who  had 
to  mine  with  inadequate  tools  in  the  running  sands  and  squeesin^ 
clay  of  the  Lys  Valley,  or  amongst  the  coastal  sand  dunes,  wrould 
have  considered  working  the  limestone  of  Gibraltar  to  be  a-  pienic 
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The  author  stated  that  most  of  the  drilling  by  compressed  air- 
driven  machines  was  done  dry.  Was  this  owing  to  the  military 
necessity — that  is  to  say,  a  lack  of  wet  machines — or  was  there 
an  objection  to  using  salt  water  for  the  purpose  ?  The  author 
stated  that  salt  water  was  used  for  the  diamond  drills,  so  there 
must  have  been  water  laid  on  to  the  faces. 

The  speaker's  experience  had  been  that  it  was  inefficient  to 
compel  men  to  work  where  they  inhaled  any  kind  of  dust — injurious 
or  otherwise — and  there  must  have  been  a  strong  sense  of  discipline 
amongst  the  miners  for  them  to  put  up  with  it.  Ho  was  sure 
that  the  civilian  miners  would  have  objected.  Did  they  wear 
respirators  ?  With  regard  to  the  observation  that  X-ray  photo- 
graphs of  the  men*s  lungs  did  not  reveal  any  development  of  lung 
trouble,  the  speaker  would  like  to  hear  if  the  period  of  their 
employment  was  considered  to  be  long  enough  for  such  symptoms 
to  develop. 

He  saw  that  the  Hunslet-Hudson  locus,  were  fitted  with  exhaust 
conditioners.  W^as  this  precaution  also  applied  to  the  diesel 
shovels,  the  bulldozers,  and  the  lorries  ?  If  not,  was  there  any 
trouble  from  the  fumes  from  those  engines  ? 

It  was  noted  that  the  fans  which  were  used  to  blow  the  dust 
from  the  working  faces  had  to  be  cleaned  every  48  hours  ;  it  was 
to  be  hoped  that  there  were  similar  arrangements  for  clearing 
the  men's  throats  when  they  were  off  duty  ! 

W^ould  the  author  enlarge  upon  his  statement  that  electric 
blasting  could  not  be  allowed  in  close  proximity  to  the  radio 
transmitting  station  ?  Was  it  through  fear  of  the  blasting  affecting 
the  radio,  or  fear  of  '  statics  '  causing  premature  firing  of  the 
shots  ? 

It  would  be  very  interesting  if  the  author  could  tell  them  why  it 
was  desirable  to  ensure  such  a  high  degree  of  perfection  in  adhering 
to  the  designed  shape  and  size  of  the  chambers,  and  the  smoothness 
of  their  sides  and  roofs.  The  speaker  had  had  no  experience 
of  the  Gibraltar  limestone,  but  had  seen  many  excavated  stopes 
and  natural  caverns  in  the  British  limestones  whose  roofs  and 
sides  were  of  the  most  irregular  shapes.  These,  after  a  httle 
trimming  down,  would  stand  open  indefinitely.  Most  of  them 
knew  of  unlined  railway  tunnels  in  limestone  in  this  country. 
Possibly  the  limestone  of  Gibraltar  was  not  so  strong  ?  The 
Gibraltar  shelters  were  for  cover  against  air  raids  and  to  the  layman 
it  was  not  easy  to  understand  why  there  was  need  for  such  smooth 
sides,  beyond  the  normal  desire  of  the  Royal  Engineers  to  do  a  job 
tidily. 
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Was  the  author  satisfied  that  the  long  diamond-drilling  method 
was  justified  for  use  in  what  presumably  was  not  a  very  hard  rock, 
compared  with  what  was  generally  dealt  with  by  metal  miners  ? 
Apart  from  tidiness,  would  it  not  have  been  quicker  and  cheaper 
to  have  drilled  out  the  whole  of  the  chambers  with  hand -held 
drills,  using  the  system  shown  in  Fig.  15  '? 

The  author  stated  that  the  diamond-drill  holes,  which  were 
\ip wards  of  100  ft.  long,  had  to  be  re-drilled  if  they  were  deflected 
more  than  9  in.  from  their  mark,  whilst  the  average  speed  of  drilling 
was  only  80  ft.  per  shift.  The  speaker  stood  open  to  correction, 
but  it  seemed  to  him  that  much  of  the  work  of  raising  and  cutting 
the  '  slots,'  the  extra  surveying  needed  to  align  the  diamond  drills, 
the  slow  rati-  of  drilling,  the  holes  lost  by  being  out  of  hne,  the 
need  for  secondary  blasting  of  large  boulders,  and  the  time  and 
care  required  for  charging  these  long  holes,  could  all  have  been 
done  more  quickly  and  more  cheaply,  or  avoided  altogether,  by 
using  the  older  methods. 

Very  heavy  simultaneous  blasts  were  required  (upwards  of  a 
ton  of  explosive  at  a  time)  by  the  diamond-drilling  method.  This 
showed  that  the  rock  was  capable  of  standing  a  good  deal  of  shaking 
without  leaving  dangerous  roofs  and  sides  to  the  chambers. 

His  remarks  are  not  intended  as  criticism,  but  simply  put  to  seek 
information.     The  man  who  lived  on  the  job  usuallv  had  a  verv 

«'  ft/  ft 

;zood  reason  for  his  methods,  and  he  thought  the  paper  would  be 
made  even  more  interesting  and  valuable  if  the}'  had  this  additional 
information. 

The  diamond  drilling  of  long  blast-holes  was  becoming  establlFhed 
practice  for  mining  some  large  ore-bodies  where  it  could  be  used 
without  fear  of  breaking  country  rock  and  causing  dilution,  but 
it  would  not  1)0  economic  practice  if  there  was  nuich  risk  of 
having  to  ro-drill  holes  that  had  run  slightly  out  of  alignment. 
It  would  be  interesting  to  hear  what  proportion  of  the  holes 
went  astrav. 

ft 

The  speaker  had  had  no  experience  of  use  of  the  diamond  drill  for 
)ilast  holes,  but  had  read  that  the  main  advantage  of  the  method 
lay  in  the  protection  it  gave  to  the  men  from  falling  roof,  owing 
to  their  not  having  to  remove  their  equipment  to  fresh  set-ups  at 
frequent  intervals  ;  otherwise  the  method  was  more  costly  than 
ordinary  rock  drilling.  This  advantage  of  being  safer  could  not 
apply  at  Gibraltar.  In  an  account  of  its  use  at  the  East  Malartic 
mine  it  was  claimed  that  a  footage  of  35'4  ft.  per  machine  shift 
was  drilled  with  the  diamond  drill.  This  was  rather  more  than 
the  speed  recorded  at  Gibraltar.     Compared  with  the  speed  of 
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drilling    by    ordinary    methods    the    coiuparison    was   much   less 
favourable  to  the  diamond  drill. 

In  West  African  gold  mines,  where  labour  was  far  from  being 
efficient,  it  was  common  practice  to  set  up  and  drill  a  round  com- 
prising about  80  ft.  of  holes  in  a  single  8-hour  shift.  This  was 
why  it  appeared  to  the  speaker  that  there  must  have  been  some 
good  reason,  which  was  not  given  in  the  paper,  for  the  decision  to 
use  the  diamond  drill. 

Brigadier  E.  J.  B.  Buchanan  said  that  he  would  not  raise 
any  technical  aspect  because  his  experience  of  tunnelhng  was 
confined  to  a  few  years  before  the  war  when,  using  bow  and  arrow 
methods,  they  tried  to  get  the  ammunition  at  Malta  under  cover. 
It  was  with  great  interest  that  he  listened  to  the  Chairman's  opening 
remarks  when  he  referred  to  the  tunnelling  activities  of  the  Royal 
Engineers  in  the  late  war  because  he  could  well  remember  how  the 
members  of  the  Institution  came  from  all  comers  of  the  earth  to 
do  the  w^ork.  He  remembered,  too,  that  he  was  very  glad  that  he 
did  not  have  to  go  underground  and  take  part  in  the  terrifying 
activities  necessarv  in  the  Flanders  terrain,  and  therefore  could 
well  appreciate  the  comments  of  some  of  the  speakers  apropos  of 
the  references  made  to  their  activities  at  that  time.  He  could 
equally  well  remember  the  joy  when,  at  the  beginning  of  this  war, 
many  of  the  members  came  back  as  old  friends  to  rejoin  the  Royal 
Engineers.  Because  operational  tunnellinjjj  was  not  required  they 
lent  a  hand  at  whatever  job  there  was.  from  building  aerodromes  to 
laying  and  lifting  mines.  There  *vas  no  activity  in  which  they 
could  not  take  the  lead.  The  Tunnelling  Companies  had  provided 
a  chapter  of  Royal  Engineer  history  of  Avhich  the  Army  and  tlie 
Institution  had  every  reason  to  be  proud. 

The  Chairman  said  that  owing  to  the  lateness  of  the  hour 
any  further  contributions  would  have  to  be  submitted  in  writing. 
He  asked  the  author  whether  he  would  Hke  to  reply  to  any  points 
at  the  meeting  or  would  reply  in  writing. 

Major  Wilson  said  that  there  were  one  or  two  points  he 
would  hke  to  make.  One  was  with  regard  to  the  clearing  of  dust 
from  the  miners'  throats — thej-  did  it  in  the  time-honoured  way, 
with  beer.  He  regretted  tht^  remark  regarding  the  operations  of 
the  last  war  at  the  beginning  of  the  paper,  but  it  served  a  good 
purpose  in  bringing  forth  an  avalanche  of  criticism,  thereby  showing 
how  excellent  were  the  Tunnellers  of  1914-1918.  He  had  antici- 
pated that  something  of  the  sort  would  happen. 

With  regard  to  the  drift  of  the  diamond-drill  holes ;  woi  \\\ai\\\ 
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were  discarded  as  care  was  taken  that  they  were  oriented  correctly^ 
There  had  to  be  a  hinit  to  the  amount  of  discrepancy  permitted — 
a  hole  could  not  be  allowed  to  be,  say,  4  ft.  out,  or  even  2  ft.  out. 
He  had  said  9  in.  in  the  paper  and  that  was  achieved.  If  the  roof 
was  arched,  with  the  holes  8  ft.  apart,  and  if  one  was  2  ft.  out  oa 
one  side,  and  another  was  2  ft.  out  on  the  other  side,  the  result 
would  be  odd,  to  say  the  least.  Various  erections  had  to  be  made- 
in  the  excavations  and  if  the  chamber  was  small  then  they  would 
not  have  gone  in. 

The  cutting  of  the  slots  was  quite  an  economic  operation.  The 
rate  of  diamond  drilling  was  slow,  but  these  holes  took  an  immensely 
greater  burden  than  ordinary  drill-holes,  and  as  far  as  efficiency  was^ 
concerned  the  method  proved  to  be  well  ahead  of  other  methods. 
It  was  important  to  remember  that  it  was  really  ciml  e)igineering 
mining,  rather  than  mini/ng  mining.  It  was  easier  to  be  accurate- 
than  inaccurate.  The  tunnels  were  used  as  roadways,  and  build- 
ings were  put  inside  the  large  excavations.  When  he  said  the 
diamond-drilling  method  should  be  used  wherever  big  excavations 
were  made,  he  meant  such  excavaiitms  as  the  Army  or  Navy  might 
have  in  mind.  On  the  question  of  the  drifter  versus  the  hand-held 
machine,  the  drifter  took  a  bigger  bite,  say  an  8-ft.  round,  while 
with  the  hand-machine  a  5-ft.  round  was  obtained.  In  big  tunnels 
drifter  practice  was  the  best. 

The  Chairman  proposed  a  very  hearty  vote  of  thanks  to  the 
author  for  his  interesting  paper,  which  was  accorded  by  applause. 
The  Chairman  added  that  he  was  sorry  that  the  second  paper  for 
discussion  on  the  development  of  the  Blyvooruitzicht  Gold  Mining 
Co.  by  Mr.  Savile  Davis  had  not  been  reached  ;  it  would  be 
postponed  until  the  next  meeting. 


CONTRIBUTED  REMARKS 

Lt.-Ool.  D.  M.  Thomson:  All  Tunnellers  will  welcome 
Major  Wilson's  paper.  On  behalf  of  the  men,  many  of  whom  will 
not  know  of  ^lajor  Wilson's  time  given  to  putting  something  of 
their  work  on  record,  I  can  add  their  thanks  to  my  own.  Eight 
Tunnellers  awaiting  demobilization  in  a  holding  unit  out  here  all 
expressed  their  interest  and  pleasure  in  the  paper  about  *  The 
Rock  '.     These  men,  typical  of  Tunnellers,  show  genuine  regret 
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that  the  Tunnellers*  partnership  is  finished,  when  they  recall  the 
tme  comradeship  and  strenuous  work  done — not  for  a  pay  cheque 
or  dividend,  but  for  their  *  Company  '. 

The  author  is  too  modest  in  dealing  only  with  the  machine,  and 
not  the  Sapper,  of  1989-45.  Perhaps,  like  Kipling,  he  thinks  *  that 
is  another  story  '.  Myself,  I  feel  the  Transactions  are*  always 
enriched  with  an  account  of  the  human  element,  put  on  record  and 
not  left  to  be  taken  for  granted.  I  hope  one  of  the  younger  men 
will  put  on  record  somewhere  the  story  of  the  Miner  at  War, 
1939-45.  It  is  known  that  three  Tunnellers  jumped  into  Amhem 
and  remained  there.  Young  Captain  Bennett,  a  great  Tunneller, 
'  went  West '  with  his  assault  tank  and  crew  in  the  last  days 
before  victory  in  North  Germany. 

The  miner  of  this  war  lived  and  worked  in  the  tradition  of  the 
earlier  model  Sapper  and  Miner.  The  machine  age  found  the  man 
unaltered.  Earlier  than  India,  on  Gibraltar  itself  during  the 
great  siege,  he  not  only  left  tunnels,  but  founded  families  with 
Cornish  names,  who  still  bore  into  the  rock  for  the  town  council 
or  water  works  committee,  and  keep  adding  to  the  Admiralty 
labvrinth  in  the  dockyards.  Main  Street,  Gibraltar ;  Strada 
Reale,  Malta  ;  Chaus^e  Bon-Enfant,  Doullens,  places  I've  never 
seen  or  heard  of  in  Burma  ;  and  now  the  Strasser  of  the  Ruhr — 
all  have  known  the  British  miner,  and,  cautious,  even  afraid  of 
him  at  first,  have  loved  him  in  the  end. 

Others  will  have  commented  on  Major  Wilson's  remark  that  the 
work  of  the  1914-18  Tunnellers  did  not  call  for  '  a  very  high  degree 
of  technical  skill  \  I  still  take  my  hat  off  to  the  timbering,  calcu- 
lations, and  accurate  survey  work  of  the  Tunnellers  in  question. 
Their  memorial  used  to  stand  in  the  Hall  at  the  Institution's  office. 
The  memorial  to  the  1939-45  Tunnellers  will  be  a  bronze  plaque 
on  a  gallery  wall  in  Gibraltar. 

Mr.    A.    P.    Skerl :    The  pureness  and  homogeneity  of  the 

hard  hmestone  appear  to  have  been  of  prime  importance  in  the 

achievement  of  the  good  results  so  well  described  and  illustrated  in 

the  paper.     It  would  be  interesting  to  learn  whether  the  Rip-Bits 

were  usable  down  to  almost  |  in.  diameter — i.e.,  to  the  size  of  the 

Rip-Rods.     That  the  author  found  that  drillers  prefer  to  use  as 

small  a  bit  as  possible  confirms  Mr.  Irving's  statement  in  a  recent 

paper.*  Can  the  author  give  any  actual  reasons  for  the  drillers* 
preference. 

•Irving,   C.  J.     '  Some  Aspects  of  Rock  Drilling  Practice  (The  Wit- 
watenrand  Gk>ldfield) '.    Btdl,  Instn.  MM,,  No.  474,  September,  \^\5. 
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The  use  of  solid  crowns  for  diamond  drilling  seems,  at  first 
consideration  at  least,  to  be  wasteful  of  power  and  diamond.  The 
time  gained  in  not  having  to  pull  cores  is  problematical,  as  core 
drilhng  may  be  reasonably  expected  to  be  faster.  The  writer 
suggests  that  the  experiments  mentioned  by  the  author  might 
usefully  include  trials  using  annulus  crowns  containing  not  diamond^ 
but  tungsten  carbide.  That  the  holes  bored  with  solid  crowns 
deflected  downwards  is  a  point  of  interest,  since  in  core  drilUnir  the 
usual  tendency  is  for  the  deflection  to  be  upwards. 

The  supersession  of  the  pneumatic  percussion  drill  by  an 
electrically-driven  automatically-fed  rotary  drill  seems  certain  for 
many  conditions  of  drilling.  Mr.  S.  0.  Hatton  in  the  discussion* 
on  Mr.  Irving's  paper  mentions  several  good  reasons  why  this  is. 
likely  to  come  about — viz.,  greater  power  efficiency,  less  dust 
hazard,  and  greater  mechanical  efficiency,  with  moving  parts 
operating  under  conditions  of  much  less  strain.  Light,  easily- 
erected  supports  would  suffice  and  a  single  driller  would  be  in 
charge  of  a  battery  of  such  rotary  drills,  each  operating  auto- 
matically except  for  settmg-up,  changing  crowns  and  insertion  of 
additional  lengths  of  rods  when  necessary.  This  latter  would  be 
perhaps  once  for  each  hole  in  face  drilling.  A  hydraulic  feed  of 
about  18  in.  per  run  would  seem  feasible,  when  the  whole  drill 
would  be  drawn  back,  the  rod  undamped  from  the  ilriving 
mechanism,  passed  forward  to  the  bottom  of  the  hole,  reclaiiiped* 
and  then  driUing  would  be  continued. 

The  '  underground  quarryiiig  '  using  diamond-drill  blast  holes 
described  in  this  paper  demonstrates  the  advantage  of  using 
diamond-drill  holes  to  enable  blasting  to  be  performed  in  the 
position  of  most  free  face. 

Mr.  A.  Alexander :  A  taste  of  good  fare  whets  the  appetite 
for  more.  What  follows  has  the  constructive  object  of  educing 
more  detail. 

(1)  On  p.  2,  *  Geology  '  is  dismissed  with  two  short  paragraphs 
on  the  plea  of  complexity.  I  suggest  that  no  problem  of  *  breaking 
ground  '  can  be  dissociated  from  that  branch  of  geological  study 
known  as  '  Tectonics.'  It  would  therefore  be  helpful  if  the  author 
would  supplement  some  of  his  excellent  drawings  and  diagrams 
with  a  description  and/or  illustrations  to  indicate  the  general 
disposition  of  bedding  planes,  cleats,  faults,  etc.  Every  practical 
miner  detennines  the  minimum  number  of  holes  in  a  drilling 
round  and  generally  saves  on  explosive  consumption  by  taking 

*Bun.  No.  475,  November,  1945. 
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such  tectonics  into  account.  Futhermore,  we  should  be  able  to 
understand  better  what  problems  arose  in  respect  of  *  Deflection 
Control '  for  the  rotary  drilling  if  such  knowledge  was  available. 
Here  again  is  scope  for  some  standard  yardstick,  as  Hildick-Smith* 
has  expressed  it,  *  in  a  form  capable  of  world-wide  interpretation.' 

(2)  Consequent  upon  the  blasting  of  diamond-drill  holes,  the 
author  draws  attention  to  the  excellent  feature  of  *  smooth  and 
safe  condition  .  .  .*  Will  he  confirm  the  impression  that : 
(a)  dressing-down  after  a  blast  was  relatively  small,  and  that 
having  been  accomplished,  the  chambers  would  be  considered 
safe  without  further  periodical  attention  ?  (b)  The  dislodgment 
of  small  lumps  by  rifle  fire  was  mentioned  by  Major  Wilson  in 
his  closing  remarks  :  has  he  anything  further  to  report  for  this 
novel  method  in  such  details  as  spot-lighting  for  the  marksman 
and  whether  ricochets  were  a  danger  ?  In  view  of  McPherson's 
hintsf  as  to  the  use  of  explosive  impact  without  the  mass  and  not 
by  impact  within  the  mass,  what  hope  is  there  of  developing  this 
method  as  a  new  technique  for  dressing  down  inaccessible  ceihngs  ? 
Many  of  us  know  how  a  machine-gun  or  Piat  can  penetrate  masonry 
if  you  can  afford  to  use  the  ammunition  ;  it  would  be  interesting 
to  know  the  reactions  of  H.M.  Deputy  Chief  Inspector  of  Mines  to 
this  germ  of  an  idea  for  metalliferous  mining  ? 

(3)  Will  Major  Wilson  make  it  clear  why  delayed-action 
detonators  were  not  used  in  the  smaller  section  headings  ?  He 
has  made  it  clear  that  instantaneous  blasting  is  an  essential  feature 
for  the  diamond-drilled  holes. 

(4)  There  are  two  small  points  in  the  paper  which  call  for  an 
indication  of  the  underground  temperature  and  humidity  :  (a)  It 
is  presumed  that  there  are  not  temperatures  high  enough  to  create 
a  creep  or  instability  of  the  tar  macadam  ?  (b)  ^ly  experience 
goes  to  show  that  the  durabilit}'  of  the  canvas  ducts  is  related  to 
underground  humidity  and  temperature.  There  will  be  agreement 
that  they  are  more  satisfactory  than  sheet-iron  tubes,  but  here 
would  appear  to  be  a  field  for  research  for  a  better  medium  than 
either  iron  or  canvas ;  the  practical  development  of  pliable 
plastics  may  afford  the  answer. 

(5)  The  author  mentions  exhaust  conditioners  for  his  diesel 
locomotives.  Were  similar  filters  fitted  to  his  E.B.  dig^'crs  and 
bulldozers  ? 

(6)  Major  Wilson  is  a  specialist  in  mine  surveying  :  ^nll  he  toll 
us  how  deep  it  was  necessary  to  set  his  floor  stations  and  the  means 

*0p,  cit.  supra,  p.  7. 
"fOp.  cU.  supra,  p.  1 1 . 
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taken  to  allow  such  stations  (presumably  flush  with  floor  level)  to 
be  readily  found  in  a  floor  area  relatively  vast  ? 

(7)  In  his  opening  remarks  concerning  the  reconditioning  of 
detachable  bits,  the  author  mentioned  the  need  for  re-tempering. 
One  of  the  valuable  attributes  of  detachable  bits  as  received  from 
the  makers  is  the  uniformity  of  hardness ;  in  order  to  regain  such 
uniformity,  did  Major  Wilson  have  any  special  equipment  for 
tempering  control  ? 

(8)  I  beUeve  it  was  mentioned  that  a  fleet  totalling  18  Eimco 
loaders  were  available  at  Gibraltar  ;  the  total  number  of  R.B. 
diggers,  bull-dozers,  and  scrape-loaders  was  not  revealed.  Will 
Major  Wilson  give  an  outline  of  the  organization  for  servicing 
these  machines  with  special  reference  to :  (a)  W^hether  each 
loader  was  withdrawn  for  overhaul  after  loading  a  specified  tonnage  ? 
(b)  Whether  the  maintenance  workshops  were  underground  and 
how  equipped  and  ht  ? 

In  conclusion  I  would  join  the  chorus  of  sincere  thanks  to  Major 
Wilson  for  a  paper  of  special  value  to  mining  engineers  confronted 
with  the  ever-present  problem  of  breaking  enough  tonnage  to  keep 
loading  plant  efficiently  employed.  As  an  old  Tunneller  my 
thanks  are  due.  for  this  spotlight  on  the  fact  that  our  military 
miners  in  the  past  six  years  have  upheld  the  reputation  estabhshed 
by  their  predecessors  in  1914-18.  The  military  mining  engineer 
has  one  outstanding  advantage  over  his  civilian  equivalent  in 
Great  Britain  ;  his  personnel  are  thoroughly  reliable  because  they 
are  disciplined. 

Jlr.  S.  H.  De  La  Mare :  It  is  difficult  to  criticize  the 
author's  statement  that  the  efficiency  of  canvas  ducting  is  greater 

than  metal  ducting  without  the  definite  statement  that  the  metal 

ducting  was  also  of  11-in.  diameter. 

In  the  1914-18  war  in  Flanders,  3-in.  piping,  whether  sheet  metal 
or  rubber-lined,  or  whether  serviced  by  the  largest  blacksmith 
bellows,  a  Holman  air  pump  or  a  Bosch  fan,  all  hand  operated, 
would  not  deflect  a  candle  flame  at  500  ft.,  whereas  by  using 
150  cm.  (say  6-in.)  captured  Bosch  sheet  metal  piping  a  sufficient 
supply  of  air  was  obtained  ot  1,600  ft.,  using  identical  means  of 
propulsion. 

The  National  Fire  Service  found  it  necessary  when  filling  static 
water  tanks  from  distant  ponds  to  space  their  rotary  pumps  not 
more  than  1,000  ft.  apart.  Admitting  that  loss  of  pressure  by 
air  due  tg  pipe  friction  may  not  be  precisely  the  same  as  with 
water  (the  X.F.S.  allow  for  a  drop  of  2*5  lb.  per  square  inch  per 
100  ft.  run  in  2i-in.  rubber-lined  hose),  it  is  well  to  remember  that 
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to  reduce  the  output  of  an  electrically-driven  rotary  water  pump 
it  is  quite  common  to  choke  the  delivery  side,  but  not  the  suction, 
and  that  there  is  practically  a  corresponding  fall  in  the  current 
consumed.  It  would  therefore  seem  that  to  use  two  fans  in 
parallel  would  be  definitely  wrong  if  the  duct  was  a  long  one  and 
that  httle  improvement  could  be  expected  with  the  fans  in  series 
if  they  were  kept  close  together. 

In  the  case  of  water,  and  probably  also  of  air,  the  pressure  or 
valve  against  which  the  pump  is  working  restricts  the  amount  of 
new  load  it  can  pick  up  and  the  load  already  on  the  vanes  follows 
round  with  the  vanes  without  requiring  further  energy  to  provide 
velocity  for  new  load. 

It  is  fair*to  suggest  that  taking  only  the  surveying  in  the  1914-18 
War,  which  had  no  static  points  grouted  into  solid  rock  either  on 
the  surface  or  underground  but  always  mud  and  blood,  sweat  and 
water,  and  curses,  as  well  as  continuous  enemy  action,  called  for  a 
high  degree  of  technical  skill. 

Brigadier  W.  G.  R.  Nutt  :*  I  would  hke  to  pay  a  tribute  to 
the  Tunnellers  of  Gibraltar.  With  the  exception  of  the  Canadian 
Company,  the  rank  and  file  were  almost  all  coal  miners.  Their 
dogged  persistence  and  their  devotion  to  their  ideals  and  tradition 
were  typical  of  all  that  is  best  in  the  British  miner.  Most  of  the 
members  of  the  Institution  will  know  what  these  ideals  are,  but 
to  me,  as  a  newcomer,  they  were  a  continual  source  of  admiration. 

A  particular  characteristic  of  the  oflScers  was  that  they  were 
never  satisfied  that  a  thing  could  not  be  done  better  or  more  safely. 
There  was  a  continual  restless  quest  for  improvement,  which 
resulted  in  work  of  a  high  quality  with  a  very  low  accident  rate. 
I  am  proud  to  have  been  in  command  of  such  officers  and  men. 

•Chief  Engineer,  South  Burma  District,  formerly  Chief  Engineer 
Gibraltar. 
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FURTHER  CONTRIBUTED  REMARKS 

ON 

Some  Aspects  of  Bock- Drilling  Practice 
(The  Witwatersrand  Goldfleld).* 

Bv  C.  J.  Irving,  Member, 

Mr.  J.  B.  Richardson :  Several  contributors  to  the 
discussion,  both  in  South  Africa  and  this  country,  on  Mr.  Irving's 
interesting  and  painstaking  paper  pointed  out  the  desirability  of 
a  plastic  explosive  that  could  be  easily  squeezed  into  the  drill-hole 
to  avoid  air  spaces  between  the  explosive  and  the  hole.  Mr. 
McDouall,  for  instance,  pointed  out  that  the  gelignite  cartridge  in 
coijiinon  use  has  a  stout  wrapper  that  is  difficult  to  rupture.  The 
present  type  of  waterproofed  wrapper  is,  of  course,  designed  to 
keep  the  explosive  mixture  in  good  condition  under  humid  con- 
dition:^, as  well  as  to  contain  it,  owing  to*  the  hygroscopic  nature  of 
the  major  constituent,  ammonium  nitrate.  As  Mr.  Alec  Jones 
reminds  us,  a  type  of  wrapper  has  been  in  use  for  some  time  in  the 
United  States  that  has  lines  of  indentations,  similar  to  those  in 
some  food  and  sweetmeat  wrappers,  which  wrappers  are  also  for 
the  piirpose  of  keeping  the  contents  in  good  condition  under 
humid  conditions. 

Wrappers  on  these  lines,  containing  a  plastic  explosive,  could  be 
eariily  developed,  but  it  is  doubtful  if  a  highly  plastic  explosive 
could  be  produced  at  the  same  price  as  the  ammo-gelignites  in 
normal  use  and  the  price  of  explosives  is  an  important  factor  in 
the  cost  of  hard-rock  mining. 

An  alternative  suggestion  is  a  granular  explosive  with  good 
flow  properties,  tightly  compressed  into  a  wrapper  with  part- 
perforations  in  a  spiral  form,  the  lines  of  such  part-perforations 
being  an  inch  or  less  apart.  As  explosive  cartridges  are  not  usually 
exposed  to  extreme  rough  handhng  and  certainly  not  to  a  strong 
compressive  blow  until  placed  in  the  drill-hole  such  a  wrapper 
would  withstand  normal  underground  treatment  and  yet  be  easily 
ruptured  on  being  strupk  a  normal  blow  with  the  tamping  rod  so 
tkat  the  free-flowing  powder  would  completely  fill  the  cavity. 

If  these  artificial  lines  of  weakness  in  a  spiral  form  proved  to  be 
expensive  to  make,  parallel  lines  at  an  inch  or  less  apart  would 
probably  serve  equally  well. 

*Bull.  474,  September.  1945. 
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It  is  doubtful  if  double  wrappers  as  suggested  by  Mr.  McDouali 
would  solve  the  problem  in  practice,  because  the  responsibihty  for 
removing  the  outer  wrapper  would  be  with  the  miner  charging  the 
hole  and  lack  of  time  or  other  circumstances  might  frequently 
prevent  the  removal  and  a  check  by  officials  would  be  difficult. 
In  any  case  simplification  and  not  the  introduction  of  extra  sub- 
opferations  should  be  the  aim  in  underground  practice,  as  the 
author  infers  throughout  his  paper. 

Apart  from  the  fact  that  there  is  room  for  doubt  that  jack- 
hammers,  with  or  without  detachable  bits  on  the  '  jumper  *,  will 
ever  produce  other  than  a  slightly  conical  form  in  a  42-in.  hole  in 
hard  rock,  the  author's  own  suggestion  of  explosive  cartridges  of 
several  diameters,  even  though  well  distinguished  by  colour  of 
wrapper  or  some  other  means,  is  a  complication  to  be  avoided.  It 
would  lead  to  further  problems  in  organizing  the  collection,  return 
and  redistribution  of  surplus  explosive. 

It  was  interesting  to  read  the  contribution  by  Mr.  Theo  Meyer, 
who  indirectly  referred  to  jhhe  material  that  he  found  most  suitable 
as  stemming  for  sealing  and  containing  the  explosive  charge.  It 
is  good  to  know  that  he  arrives  at  the  same  general  conclusion  as 
Mr.  Willson  and  I  did  before  the  war,*  which  conclusion  was  subse- 
quently confirmed  a  year  or  two  ago  in  the  U.S.A.f  by  the  experi- 
ments carried  out  at  the  Mount  Weather  tunnel  under  -  the 
direction  of  Mr.  Daniel  iHarrington  ;  namely,  that  dry  g^anular 
material  is  the  best  form  of  stemming. 

A  small  point  on  the  standardization  of  mining  terms  is  that  it 
is  a  pity  that  all  Enghsh-speaking  mining  engineers  cannot  agree 
either  to  *  stem  the  tamping  '  or  *  tamp  the  stemming  '. 

Mr.  A.  Haworth:  The  use  of  the  modem  jackhammer'  on 
mines  is  very  widespread  so  that  Mr.  Irving's  paper  will  have  an 
equally  wide  sphere  of  interest.  The  subject  is  dealt  with  in  a 
clear,  painstaking  manner  and  many  of  us  ndw  have  a  far  clearer 
insiglit  into  the  many  things  which  practical  experience  had 
taught  us  to  accept.  The  fundamental  principles  are  laid  before 
us  and  in  many  cases  the  accepted  practice  is  found  to  be  far  from 
peMect.  For  example,  it  appears  to  be  fundamentally  wrong  to 
be  drilling  a  hole  with  a  1  J-in.  bit  and  using  a  1-in.  diameter  explo- 
sive to  blast  the  hole. 

*RicHABDSON,  J.  B.,  and  Willson,  J.  D.  '  Stemming  in  Metal  Mines  *. 
Trans.  Inst.  Min.  &  Met.,  vol.  48,  1938-9,  pp.  349-73. 

tJoHNSON,  J.  A.,  AoNEW,  W.  C,  and  MosiSR,  MoH.  U.S.  Bor^aii  oC 
Mines  Reports  of  Investigations  3509,  3528,  3612.  '  Stemming  in  Metal 
Mines  '  (Progress  Reports  1,  2  and  3,  1940  and  1942). 
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With  the  principles  of  drilling  so  clearly  defined  we  can  look 
4ihead  and  find  interest  in   speculating  on  future  developments. 

First  let  us  consider  the  1-in.  explosive  in  the  hole  drilled  with 
t\ie  IJ-in.  bit.  The  speed  of  drilling  which  may  be  practical  and 
the  disruptive  force  required  to  break  the  rock  depend  very  much 
indeed  on  the  hardness  and  toughness  of  the  rock  to  be  drilled 
and  broken.  Bocks  vary  very  considerably  in  'hardness  and 
toughness,  but  the  quartzite  of  the  Central  Band  can  be  accepted 
as  a  good  standard  rock.  The  best  diameter  of  the  hole  required 
tn  break  the  rock  (Central  Band  quartzite)  will,  no  doubt,  be  a 
.subject  of  considerable  argument,  especially  if  the  economics  of 
drilling  are  to  be  taken  into  account.  The  average  hole  drilled 
on  the  Band  begins  at  about  IJin.  and  finished  at  a  httle  over 
1  in.  It  is  a  taper  hole  averaging  1^  in.*  in  diameter  and  it  would 
be  reasonable  to  accept  IJ  in.  as  being  the  diameter  of  the  hole 
required  for  stoping  purposes. 

The  taper  hole  does  not  impress  one  as  being  very  efficient — the 
shape  itself  would  call  for  very  careful  tamping  of  the  explosive 
and  to  be  compelled  to  use  a  small  diameter  of  explosive  because 
the  deepest  portion  of  the  hole  is  too  small  for  any  larger  size  rather 
suggests  that  something  ought  to  be  done  whereby  the  part  of  the 
hole  which  is  to  contain  the  explosive  is  drilled  specifically  for  the 
size  of  the  explosive. 

The  first  half  of  the  hole  could  be  drilled  according  to  the  rules 
which  promote  the  fastest  drilling  speed.  The  first  half  of  the 
hole  is  only  the  means  whereby  we  get  to  the  deeper  half  of  the 
hole  which  will  contain  the  explosive.  The  deeper  half  deserves 
fionie  consideration.  This  portion  needs  to  be  as  nearly  as  possible 
the  same  gauge  from  start  to  finish.  With  detachable  bits  some 
special  shape  (even  the  cruciform  bit  with  -J-in.  cutting  pteces  added' 
at  the  outer  edge  of  the  bit  set  between  the  wings)  could  be  devised 
to  guarantee  that  the  loss  of  gauge  would  not  exceed  ^  in.  In 
other  words  a  bit  could  be  used  which  would  guarantee  a  full  1 J  in. 
at  the  bottom  of  the  hole  and  have  not  more  than  one-sixteenth 
taper  in  the  portion  where  the  explosive  charge  was  placed. 

There  would  be  no  real  difficulty  in  getting  that  guarantee.  It 
would  cost  a  httle  to  get  it  relative  to  the  cost  of  a  taper  hole,  but 
the  advantage  to  be  obtained  (quite  probably  20  per  cent  in  dis- 
ruptive force)  would  be  worth  the  extra  cost.  The  bit  which  could 
produce  the  small-taper  hole  would  be  too  valuable  to  use  on  the 
first  half  of  the  hole  and  this  would  involve  two-stage  drilling. 

It  is  easy  to  visuahze  two  machines — one  using  a  starter  stem 
and  going  over  the  stope  face,  drilUng  all  the  holes  to  a  depth  of 
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say  20  in.,  then  another  machine  taking  over,  to  drill  small-taper 
deeper  halves  with  far  more  careful  attention  to  any  signs  of  loss 
of  gauge  on  the  bits  used.  The  explosive  required  would  be  1^  in., 
which  the  makers  could  easily  reintroduce.  The  proposed  two- 
stage  drilling  is  not  new  to  the  mines.  It  is  noted  that  some 
mines — e.g.,  the  Consolidated  Main  Reef — already  adopt  two-stage 
drilling. 

The  use  of  two  machines  may  not,  at  first,  be  favoured,  but  a 
possible  advantage  would  follow.  There  would  be  no  necessity  to 
change  the  length  of  the  jumper,  the  length  of  stem  could  remain 
constant,  and  the  shank  and  the  stem  could  be  regarded  as  standard 
parts  of  the  jackhammer. 

A  considerable  amount  of  trouble  arises  at  the  present  time  due 
to  the  water  tube  of  the  machine,  but  if  the  shank  and  the  stem 
need  not  be  changed  during  the  shift  the  water  tube  and  the  shank 
need  not  be  separate  units,  the  water  tube  could  rotate  with  the 
shank  (could,  in  fact,  be  threaded  into  the  shank),  and  the  position 
be  taken  care  of  bv  a  water  seal  in  the  back  end  of  the  machine. 
No  air  would  find  its  way  into  the  water,  supplied  at  the  bit,  the 
machine  could  be  thoroughly  well  lubricated,  and  there  would  be 
no  danger  of  a  water  cushion  between  the  piston  and  the  shank. 
Once  the  shank  and  stem  of  the  jumper  can  be  looked  upon  as  a 
part  of  the  machine  design  it  would  be  within  the  capacity  of  the 
makers  to  provide  far  better  machines  with  dust,  water  and  oil 
well  under  control. 

In  conclusion,  it  is  difficult  to  avoid  the  comment  that  so  valuable 
a  paper  makes  no  reference  to  costs.  It  is  common  practice  to  use 
the  standard  of  cost  per  foot  drilled  or  cost  per  1,000  ft.  drilled  and 
tliere  is  a  tendency  to  avoid  the  more  important  figure  of  cost  per 
ton  broker!.  The  main  object  of  rock-drilling  is  to  break  rock  and 
attention  to  the  more  detailed  refinements  of  rock-drilling  must 
maintain  close  contact  with  the  economics  of  breaking  rook. 
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FURTHER   CONTRIBUTED  REiMARKS 

ON 

...  • 

The  Nationalization  of  Mineral  Rights  in  Great  Britain. 

—Part  II.* 

By  W.  R.  Jones,  Member. 

Mr.  W.  W.  Varvill :  When  reading  this  important  paper  and 
the  subsequent  discussion  one  is  struck  by  the  extraordinary 
complexity  of  the  subject,  owing  to  the  wide  variety  of  interests, 
minerals,  and  systems  of  tenure  involved  in  any  scheme  of 
nationalization.  It  appears  to  me  that  any  scheme,  to  be 
successful,  must  be  simple,  elastic,  and  to  some  extent  drastic. 
It  must  not  enter  too  much  into  details  and  definitions,  which  onlv 
serve  to  provide  new  and  rich  pastures  in  which  the  legal  profession 
can  exercise  their  extraordinary  talents  for  substituting  the  letter 
of  thf  law  for  its  spirit. 

Owing  to  long  absence  abroad  I  am  not  conversant  with  the 
procedure  followed  when  the  Coal  Royalties  were  nationalized, 
and  the  following  is  submitted  as  a  simple  way  of  carrying  out 
the  task : 

(1)  Each  district,  comprising  one  or  more  counties,  should  have 
a  District  Minerals  Commission,  the  duty  of  which  it  would  be  to 
hear  claims  for  compensation.  The  Commission  would  be  presided 
over  by  a  retired  County  Court  judge  and  would  consist  of  a  lawyer, 
an  estate  agent,  and  a  mining  engineer. 

(2)  A  National  Appeal  Tribunal  would  also  be  set  up,  whose  duty 
it  would  be  to  lay  down  in  broad  outline  the  general  lines  upon 
w^hich  compensation  should  be  awarded,  for  the  guidance  of  the 
District  Commissions. 

(3)  The  National  Appeal  Tribunal  would  hear  and  give  rulings 
on  appeals  from  the  District  Commissioners. 

(4)  The  decisions  of  the  Appeal  Tribunal  on  all  such  appeals 
would  be  final. 

(5)  The  costs  of  all  unsuccessful  appeals  both  to  the  District 
Commissioners  and  to  the  Appeal  Tribunal  should  be  home  l)v  the 
appellants.  This  would  provide  some  safeguard  *i}:(ainst  claims 
being  entered  on  an  inadequate  basis. 
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(6)  A  fiiiiple  Act  of  ParliameDt  would  enable  the  Slate  (o  teke  1 
over  all  Mineral  Rights,  sabject  to  compensation  being  paid  in  \ 
genuine  eases  of  loss  of  tangible  assets.  ; 

If  some  soch  procedure  is  not  adopted  there  will  arise  saob  a  .< 
deluge  of  claims  from  aU  ami  sundry  that  the  only  beneficiariea  frmn  1 
nationalization  wiU  be  the  lawyers.  The  case  will  be  far  mate 
complex  than  it  was  in  the  case  of  coal,  owing  to  the  yery  large  j 
number  of  minerals  of  economic  value.  The  suggestions  made  1 
here  may  appear  to  be  drastic  and  to  ride  roughshod  over  the  ] 
rights  of  the  individual,  but  this  is  now  being  done  every  day  in  1 
many  directions.  j 

The  country  is  now  faced  with  a  national  economic  crisis  far  ^ 
worse  than  that  which  was  faced  after  the  last  Great  War.  Theoiv 
in  the  interests  of  national  economy,  disabled  war  victims  saffBied 
many  injustices  in  the  curtailing  of  disabihty  pensions  and 
gratuities  and  had  very  limited  rights  of  appeal,  and  that  was 
under  a  Conservative  Government.  The  great  majority  aooepted  ^ 
their  troubles,  doubtless  with  much  grumbling,  but  knowing  in 
their  hearts  that  it  was  as  inevitable  as  being  caUed  up  for  milituy 
service. 

The  owners  of  Mineral  Rights  are  in  the  same  predicament  and 
wiU  no  doubt  grumble,  but  accept  the  change  patriotically.  After 
all,  should  a  man's  body  be  considered  to  be  of  less  importanoe 
than  his  property  ?  It  should  be  possible  to  give  generous  com- 
pensation for  Mineral  Rights  which  are  stiU  productive  of  revenue, 
whilst  ruling  out  vague  claims  based  on  past  records  or 
prospects  which  can  only  be  realized  under  a  system  of  national 
ownership. 
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NOTICE  OF  GENERAL  MEETINGS. 

The  FIFTH  ORDINARY  GENERAL  MEETING  of  the  Fifty-fiftli 
Se^Beion  of  the  Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind 
{X^nnission,  in  the  Apcurtments  of  the  Geological  Society,  Burlington 
House,  PiccadiUy,  London.  W.l,  on  THURSDAY,  MARCH  21st,  1946, 
at;y5  o'clock  p.m. 

The  following   Papers,   copies   of  which   are   attached  hereto,   will    b<» 
svil>nutted  for  discussion  ; 

A  Study  of  Sizing  Analysis  by  Sieving ;  and 

A  Comparison  of  Methods  of  Measuring  Microscopical  Particles. 

By  Habold  Hey\*'ood,  Ph.D.,  M.Sc. 
Application  of  Sizing  Analysis  to  Mill  Practice. 
By  Harold  Heywood  and  E.  J.  Pryor,  Member. 
Crushing  and  Grinding  Efficiencies. 
By  T.  K.  Prentice,  Member, 
The  SIXTH  ORDINARY  GENERAL  MEETING  of  the  Session  wiU 
be  held,  also  in  the  Apartments  of  the  Geological  Society,  on  THURSDAY, 
APRIL  11th,  1946,  at  5  o'clock  p.m.,  when  the  following  Paper,  of  which 
a  copy  is  attached,  will  be  submitted  for  discussion  : 

A  Survey  of  the  Deeper  Tin  Zones  in  a  Part  of  the  Gam  Brea 
Area,  Com  wall. 

By  Brian  Llewellyn,  Member. 
Light  refreshments  will  be  provided  at  4.15  p.m.  for  members  and  friends 
■attending  the  Meetings. 


The  Council  invite  written  contributions  to  the  discussion  of  Papers 
from  inembors  who  may  be  unable  to  be  present  at  th&  Meetings  of 
the  Institution.  The  Council  reserve  the  right  to  edit  and  condense  such 
contributions. 

The  Council  desire  to  i-emind  members  that  in  addition  to  the  more 
■comprehensive  tjrpes  of  papers  for  discussion  at  General  Meetings,  they 
welcome  for  publication  in  the  Bulletin  short  notes  recording  data  or 
<ie8cribing  technical  experience,  which  may  be  of  general  interest  and 
value.  Such  notes  are  governed  by  the  same  rules  in  regard  to  acceptance 
V  ordinary  papers,  but  would  be  open  for  discussion  by  correspondence. 


FIFTY-FIFTH  SESSION  :    1945-1946. 
DATE   OF  ANNUAL  GENERAL   MEETING. 

The  Annual  General  Meeting  of  the  Institution  will  be  hold  at  Burlington 
Houso  on  Thursdav.  Mav  16th,  1946. 


ELECTION   OF  NEW   PRESIDENT. 

At  a  Meeting  of  the  Council  held  on  January  10th,  lf)46,  ^Ir.  (i.  F. 
Wtock,  M.C.J  was  electwl  Presidont  of  the  Institution  lor  the  i-emaiiider 
of  tho  Session  1945-46,  in  succession  to  tlio  lato  Col.  Kdgar  Pani.  Mr. 
Laycock  had  been  Acting  Presidont  during  Col.  Pain's  long  illness,  and 
was  President-Eleet  for  the  Session  1946-47. 


IV  THE   INSTITUTION   OF  MINING   AND   METALLURGY. 


'NOTES  ON  THE  MINERAL  RESOURCES  OF  THE  MIDDLE  EAST/ 

This  publication  was  issued  in  March,  1945,  by  the  Middle  East  Suppljr 
Centre,  Industrial  Production  Section,  and  was  compiled  by  Major  J.  D. 
Boyd,  R.E.,  and  Mr.  R.  Duncan,  Aftsociates.  It  provides  a  sununar>'  of 
information  on  minei-al  resources  in  the  Middle  East  ('oUected  from  various 
sources,  inchiding  inspection  reports  by  officers  of  the  Centre,  publications 
by  geologists  of  lo<'^l  governments  and  correspondence  with  local  govern- 
ment departments  and  private  firms.  The  territories  concerned,  which 
are  grouped  in  alpliabeticikl  order,  cover  the  area  from  Tripolitania  on  the 
west  lo  Saudi  Arabia  and  Iraq  on  the  east,  and  there  is  an  alphabetical 
index  of  minerals  and  the  t^mtories  in  which  deposits  occur.  A  copy  of 
this  78-page  cyclostyled  foolscap  publication  is  contained  in  the  Institu- 
tion's Library,  an<l  is  available  for  loan  to  members. 


LIBRARY  SERVICE. 

The  Library  has  now  been  brought  back  to  London,  and  applicationa 
for  books  should  be  addressed  to  the  Librarian,  I.M.M.  and  I.M.E.  Joint 
Library,  424,  Salisbury  House,  London,  E.C.2.  Books  at  present  on 
loan  should  of  course  be  returned  to  this  address.  Members  who  are 
unable  to  visit  the  Library  and  borrow  books  in  person  may  still  borrow 
them  by  post.     It  is  regretted  that  periodicals  cannot  be  lent. 


CANDIDATES   FOR  ADMISSION. 

The  Council  welcome  communications  to  assist  them  in  deciding  whether  the 
qualifications  of  Candidates  for  Admission  into  the  Institution  fulfil  the  require-- 
ments  of  the  Ry-Laws. 

The  Application  Forms  of  Candidates  for  Membership  or  Associateship  will  be 
open  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  turo- 
months  from  the  date  of  the  Bulletin  in  which  their  applications  are  announced^ 

The  following  have  applied  for  transft^r  since  January  10th,  1946  : — 

ToMembkuship — 

Anderson,  Robert  Beattie  (GaioattMy  SotUhetm  BhodeMa), 
Ingham,  Frank  Tinley  {Exmouth^  Devonshire). 
Legge,  Alan  John  Walker  {Entebbe ,  Uganda). 
MacKay,  Donald  Asire  {Penatig^  Straits  SetilewctUs). 
Shaw,  Sydney  Herlx^rt  {Jtmsalem,  Pahtitiyw). 

To  AssoriATFSHiP — 

Andrew,  Rolx^rt  Bruce  {Dunedin,  New  Zealand). 

Blau.  Osniar  Julius  {Sydney y  N.S.W.,  Australia). 

Blight,  Charles  Clarfield  {Rooibcrg,  Tratisvaal).  . 

Cameron,  James  {London). 

Cave,  Ronald  Arthur  {Hurnley,  Lnncnshirc). 

King,  Austin  (Jeralcl  {S'kana,  Xorthern  Phodcsia). 

Oxley-Oxland,  Rielmrd  {Johannesburg^  Transvaal). 

S|)cncer,  Thomas  Kro<lerick  Bridgewater  {Pilgiitn's  liesf,  Transvaai)^ 

Wallace,  Reginald  Cuthon\t)0(i  {Ihmnottar,  TrnnstHtal), 
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CANDIDATES   FOR  ADMISSION— ocmHnued. 

The  following  have  applied   for  admission   into   the   Institution   since 
January  10th,  1946  : — 

To  Membership — 

Norris,  Gerald  Chad  {Tarktva,  Gold  Coast), 

To  ASSOCIATESHIP — 

Batni,  Rcuiganatha  Rao  S.  R.  (Robertaonpet,  Soutit  Itidia). 
Lioyd,  Arthur  L.  {Mount  Morgan,  Queensland,  Australia). 
Mackenzie,  William  {Silos  de  CalaHas,  Spain), 
Polglase,  John  Henry  {Caniborne,  Cornwall). 

To  STUI>E»rr8HIP — 

Pegg,  Chariee  William  {London). 
Rao,  C.  E.  Narayana  {Bangalore,  South  India). 
Stephens,  John  Nolan  {Mosgid,  New  Zealand). 
Taute,  Andries  Hendrik  {Erfpacht,  Cape  Province). 


TT 


TRANSFERS  AND  ELECTIONS. 

Tlie  following  have  been  transferred  (subject  to  confirmation  in  6^cco^d- 

ance  with  the  conditions  of  the  By-Laws)  since  January  10th,  1946  : — 

To  Membership — 

Bott,  Charles  Arden  {Salisbury,  Southern  Rhodesia). 
Dempster,  Eric  Richard  {Mosaboni,  India). 
Goode,  Kenneth  Burden  ( Wembley,  Middlesex). 
White,  George  Benn  {Oorgaum,  South  India). 

To  ASSOCIATESHIP — 

Morgan,  George  Clifford  {Royal  Engineers). 
Standerline,  Geoffrey  Victor  {Egremont,  CwnberUmd). 
Winaor,  Thomas  Henry  {Que  Que,  Southern  Rhodesia). 
The  following  have  been  elected  (subject  to  confirmation  in  accordance 

with  the  conditions  of  the  By-Laws)  since  January  10th,  1946  : — 

To  Membership — 

Richardson,  Clement  Mason  {London). 

To  ASSOCIATESHIP 

Lambert,  Hugh  Heniy  John  {Royal  Engineers). 

Oxford,  Desmond  de  Villiers  {Luanshya,  Northern  Rhodesia). 

Trounson,  John  Hubert  {Redruth,  Cornwall). 

Ward,  Jack  {Penhalonga,  Southern  Rhodesia). 

To  Studbktship —  * 

Bridger,  Denis  {Camborne,  ComuxUl). 

Dyson,  Peter  Gerald  {Peterborough,  Northampton). 

Hammett,  Peter  Henry  John  (Falmouth,  Cornwall). 

Moon,  W^illiam  Raymond  Collins  {Truro,  Cornwall). 

Rees,  John  David  {HolyweU,  Flintshire). 

Royle,  Paul  Gordon  {London). 

Wilson,  Alan  James  {Oorgaium,  South  India). 

Wilson,  Walter  Joakim  {Camborne,  Cornwall). 
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BfEMBERS  ON  SERVICE  WITH  H.M.  FORCES. 

A  full  list  was  published  in  Bulletin  No.   456,  September ^    1942.    The 
following  additions  or  changes  are  supplementary  to  those  already  publislied^ 

Associate. 
Major  H.  Dudley,  Royal  Engineers  (Promoted). 

Students. 
Captain  G.  E.  A.  Banfield,  RoycU  Engineers  (Promoted). 
Captain  P.  C.  M.  Bathurst,  Royal  Engineers  (Promoted). 
Captain  D.  H.  Brook,  Q,  V.O.  Madras  Sappers  and  Miners  (Promoted). 
Captain  A.  Peck,  Royal  Engineers  (Promoted). 

Major  R.  R.  B.  Pitt-Chambers,  Royal  Bombay  Sappers  and  Miners  (Pro- 
moted). 
Captain  P.  H.  Rumsey,  Royal  Engineers  (Promot'ed). 


ROLL  OF  HONOUR. 

Acting  Wing  Commander  R.  A.  Atkinson,  D.S.O.,  D.F.C.  and  Bar  {Asso» 
daie).  Royal  Air  Force.,  (Previously  reported  missing  from  air 
operations,  December,  1944 ;    now  presumed  to  have  lost  his  life.) 

Major  C.  R.  Pullinger,  M.C.  (Student),  The  Oreen  Howards,  (Died  of  woands, 
November,  1943.) 

Captain  H.  S.  Duncan  {Associate),  F,M.S,  V,F,  (Reported  to  have  died  ot 
dysentry  and  injuries  in  June,  194.S,  at  Kanyu,  while  a  prisoner  of 
war  in  Japanese  hands.) 


NEWS  OF  MEMBERS. 

fAtmhtrs,  ksiociaits  and  Students  are  invited  to  supply  the  Secretary  wHk 
personal  news  for  publication  under  this  heading,  ' 

Mr.  R.  J.  Agnew,  Member,  having  terminate<l  his  appointment  with 
the  Commonwealth  Department  of  Munitions,  lias  left  Melbourne  for 
Western  Australia.     He  hopes  to  visit  England  tliis  year. 

Mr.  L.  D.  AiREY,  Student,  has  left  Nigeria  and  joined  the  staff  of  Mufulira 
Copper  Mines,  Ltd.,  Northern  Rhodesia. 

Mr.  N.  M.  AiREY,  Associate,  has  been  demobilized  and  has  joined  th» 
staff  of  Rand  Leases  (V)  Gold  Mining  Co.,  Ltd.,  Transvaal,  as  mine  overseer. 

Mr.  H".  Douglas  Allen,  Member,  has  boen  appointed  manager  of  the 
Overseas  Engineering  Company  in  West  Africa. 

Mr.  R.  E.  Arch,  Student,  has  joined  the  staff  of  Ingei-soll  (Engineering) 
Co.,  Ltd.,  in  London. 

Mr.  F.  M.  Ball,  Associate,  has  relinquished  his  appointment  with  the 
Ministry  of  Aircraft  Production. 

Mr.  G.  P.  Bennett,  Associate,  has  been  released  from  the  Forces  amf 
has  returned  to  Randfontein  Estates  gold  mine. 

Mr.  C.  W.  F.  Bond,  Associate,  is  in  London  on  leave  from  the  Gold  Coast. 

Mr.  E.  E.  G.  Boyd,  Member,  has  resigned  his  position  as  managing 
director  of  Austral  Malay  Tin,  Ltd.,  and  is  at  present  in  Australia. 

Mr.  W.  T.  Meredith  Browne,  Associate,  has  left  England  for  Geit«^ 
Tanganyika. 

Mr.  M.  W.  Bryce,  Associate,  has  left  Scotland  to  join  the  Geological 
Survey,  Northern  Nigeria. 
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Mr.  F.  C.  Calvert,  Aasoeiate,  has  returned  to  Malaya  from  New  Zeedand. 

Mr.  W.  N.  Cabnaghax,  AaaociaU^  has  left  Bngland  to  return  to  Sierra 
Leone. 

Mr.  F.  B.  Champness,  AsaociaUf  has  curived  in  England  from  Australia. 

Mr.  J.  T.  CHAPPsa«,  AssocicUe,  is  leaving  Australia  on  a  short  visit  to 
England,  and  hopes  to  arrive  in  ApriL 

Mr.  W.  H.  Collins,  Associate^  is  returning  to  England  on  furlough  from 
Nigeria. 

Mr.  D.  H.  Cbampton,  AsAocicUe,  has  been  released  from  the  Royal  Navy 
and  has  resumed  his  position  as  manager  of  the  Turkois  mine.  Southern 
Rhodesia. 

Dr.  D.  A.  Bbyn  Davies,  Aaaociate,  will  bo  at  Kumasi,  Gold  Coast,  until 
July,  1946. 

Mr.  £.  B.  Davies,  Associa4e,  will  leave  England  shortly  on  his  return  to 
Malaya  to  resume  duties  with  the  London  Tin  Corporation,  Ltd. 

Mr.  T.  DowELL,  Associate,  is  returning  to  England  from  Nigeria. 

Mr.  I.  S.  DuDMAN,  Student,  has  been  released  from  the  Forces  and  has 
returned  to  New  Modderfontein  Gold  Mining  Co.,  Ltd.,  Transvcial. 

Mr.  R.  Di'NCAN,  Associate,  has  been  discharged  from  the  Army  and  has 
accepted  an  appointment  as  assistant  mine  manager .  to  the  Egyptian 
Phosphate  Co. 

Mr.  T.  Edwabds,  Student,  hc^  been  released  from  the  Forces  and  has 
returned  to  Crown  Mines,  Ltd.,  Transvaal. 

Mr.  G.  H.  Faibmaid,  Member,  now  on  leave  in  New  Zealand,  will  return 
to  the  Pabang  Consolidated  Co.,  Ltd.,  later  in  the  year. 

Mr.  C.  H.  Feldtmann,  Member,  has  left  England  on  his  return  to 
Tanganyika. 

Mr.  K.  A.  Fern,  Associate,  who  h€ts  been  released  from  the  Army,  has 
joined  the  research  staff  of  Associated  Portland  Cement  Manufacturers, 
Ltd. 

Mr.  F.  Gilbert,  Associate,  has  returned  to  England  after  his  release  from 
internment  in  Malaya. 

Mr.  Donald  Gill,  M.C,  Member,  has  resumed  his  practice  m  London 
after  having  served  with  the  British  Economic  Mission  in  Algiers,  Ministry 
of  Supply. 

Mr.  S.  D.  Gordon,  Associate,  has  returned  to  England  aft<?»r  his  release 
from  the  Royal  Indian  Naval  Reserve. 

Capt.  C.  E.  Gregory,  Member,  has  returned  to  Australia  for  demobi- 
lization. 

Mr.  M.  Gregory,  Member,  is  returning  to  England  from  Nigeria. 

Mr.  E.  L.  HALLi:,  Associate,  has  left  England  for  Bolivia. 

Mr.  H.  C.  Hannay,  M.C,  Member,  who  was  previously  interned  at 
Singapore,  is  now  working  for  the  Britisli  Military'  Administration  as 
Custodian  of  Property,  Ipoh,  F.M.S. 

Mr.  E.  P.  Haroraves,  Member,  has  left  England  for  Malaya. 

Mr.  G.  M.  P.  HoRNiDOE,  Member,  has  left  England  for  the  Federated 
Malay  States. 

Dr.  W.  R.  Ingau^,  Member,  has  been  elected  an  Honorary  Member  of 
the  Mining  and  Metallurgical  Society  of  America,  of  which  he  is  a  past- 
president. 
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Dr.  F.  T.  Inghak,  Aattocwle^  is  in  England  aft«r  his  release  from  intern- 
ment in  Singapore. 

Mr.  E.  H.  Jaques,  Asaociatty  has  left  England  on  his  return  to  Nigetia. 

Mr.  A.  R.  Jones,  Associate,  has  joined  the  staff  of  the  Cementation  Co., 
Ltd.,  on  leaving  the  Directorate  of  Opencast  Coal  Production,  Ministry  of 
Supply. 

Mr.  A.  Jose,  StutUnt,  has  left  England  to  join  the  staff  of  Gold  Ooast 
Main  Reef,  Ltd. 

Mr.  F.  H.  Lathbuhy,  A/.C,  Member ^  has  returned  to  Nairobi  from 
England. 

Mr.  T.  Learmont,  Student,  has  been  released  from  rftilitary  service  and 
has  returned  to  New  Zealand. 

Mr.  O.  McCcixocH,  Associate,  at  present  in  England  after  release  from 
the  Royal  Air  Force,  has  accepted  the  position  of  chief  surveyor,  Frontino 
Ciold  Mines,  Ltd. 

Mr.  R.  A.  Mackay,  Associate,  luis  left  the  Nigerian  IMlines  Department 
to  take  up  the  appointment  of  mining  geologist  to  the  Nigerian  Gecrfogibal 
Survey. 

Mr.  R.  K.  MoLlsoD,  Associate,  has  arrived  in  England  on  leave  from 
Northern  Rhodesia. 

Mr.  E.  P.  Meaton,  Student,  has  left  South  Africa  for  England. 

Mr.  C.  F.  Mees,  Associate,  has  left  England  for  Geita,  Tanganyika. 

Mr.  H.  W.  MiLLETT,  Associ^Ue,  has  left  England  t^  take  up  an  appointment 
with  Ariston  Gold  Mines  (1929),  Ltd.,  Gold  Coast. 

Mr.  J.  P.  Mills,  Associate,  has  been  released  from  the  Royal  Air  Foroe 
and  has  returned  to  Cornwall. 

Mr.  H.  L.  MrrcHKLL,  Student,  has  left  England  to  join  the  staff  of  the 
Consolidated  African  Selection  Trust,  Ltd.,  Gold  Coast. 

Mr.  P.  G.  F.  Money,  Associate,  has  been  released  from  the  Royed  Canadian 
Air  Force  and  has  returned  to  Kirkland  Lake,  Ontario. 

Mr.  Geohge  New,  Associate,  is  expected  to  leave  England  soon  on  his 
return  to  Taquah  and  Aboeso  Mines,  Ltd.,  Gold  Cocist. 

Mr.  A.  P.  Newall,  Associate,  has  left  England  on  a  year's  visit  to 
Australia. 

Mr.  G.  C.  Norman,  Associate,  has  returned  to  the  Gold  Coe^  from 
England. 

Mr.  J.  E.  OoiLviE,  Associate,  has  left  England  on  his  return  to  Malajra. 

Mr.  R.  C.  Pabgeter,  Student,  has  been  released  from  the  Royal  Air  Force 
and  has  left  England  to  join  the  staff  of  the  Geological  Survey,  Uganda. 

Mr.  A.  L.  Pabma,  Associate,  has  retiimed  to  England  from  the  Gold  Coast. 

Mr.  J.  Penhale,  Associate,  has  arrived  in  England  from  Sierra  Leone. 

Mr.  T.  I.  PiNER,  Student,  has  joined  the  staff  of  the  Sierra  Leone  Chrome 
Mines,  Ltd. 

Dr.  William  Pulfrey,  Associate,  has  been  awarded  one  moiety  of  the 
Lyell  Fund  by  the  Geological  Society  of  London. 

Mr.  J.  D.  Rees,  Student,  expects  to  be  released  from  milit«iry  servioe 
shortly,  when  he  will  resume  his  fonner  post  with  Halkyn  District  United 
Mines,  Ltd. 

Mr.  D.  F.  Reeves,  Student,  has  arrived  in  England  on  leave  from  Nigeria. 
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Mr.  A.  M.  Robinson,  Member,  has  been  appointed  Mining  Consultant  to 
the  Government  of  Tanganyika  Territory  on  the  tenrmination  of  his  employ- 
ment as  Assistant  Director,  Opencast  Coal  Prodnction,  Ministry  of  Supply. 

Mr.  A.  S.  Robinson,  Aasociate,  has  been  demobilized  and  has  rotumed  to 
his  duties  with  Consolidated  African  Selection  Trust,  Ltd. 

Mr.  W.  E.  SlNCLAXR,  Aeaociate,  has  left  Kimberley  on  his  appointment  as 
manager  of  the  Cape  Asbestos  Co. 

Mr.  A.  F.  Smith,  Associate,  has  left  Australia  and  returned  to  Malaya. 

Mr.  F.  N.  Spettigub,  Member,  has  been  released  from  the  Forces,  and 
has  left  England  to  rejoin  the  staff  of  Rio  Tinto  Co.,  Ltd.,  Spain,  as  chief 
mining  engineer. 

Mr.  J.  £.  Strutheks,  Associate,  has  left  Rezende  MincH,  Ltd.,  to  join  the 
staff  of  the  Government  Metallurgical  Department,  (xwelo,  Southern 
Rhodesia. 

Mr.  C.  B.  Taylor,  Member,  has  returned  to  the  Kolar  Gold  Field  from 
England. 

Mr.  £.  H.  Taylor,  Associate,  is  now  serving  with  the  Malayan  Adminis- 
tration. 

Mr.  S.  H.  J.  Taylor,  AssocicUe,  havmg  bften  released  by  the  Soutli 
African  Naval  Forces,  is  now  employed  at  Springs,  Transvaal. 

Mr.  J.  B.  Toms,  Associate,  has  left  England  to  join  the  staff  of  the  Cyprus 
Mines  Corporation. 

Mr.  J.  W.  C.  Treeby,  Associate,  having  been  released  from  internment 
in  Singapore,  has  resumed  his  consulting  practice  at  Ipoh  before  proceeding 
on  home  leave  this  year. 

Mr.  W.  R.  Trethewey,  Associate,  is  returning  to  England  from  Brazil. 

Mr.  J.  E.  G.  Williams,  Associate,  has  loft  England  for  Nigeria. 

Mr.  C.  C.  Walker,  Associate,  has  been  demobilized  and  has  returned  to 
the  stcdf  of  Sierra  Leone  Selection  Trust,  Ltd. 

Mr.  C.  W.  Walker,  Associate,  has  arrived  in  England  on  leave  from  the 
Gold  Coast. 

Mr.  W.  D.  Wallace,  Sttident,  has  returned  to  Southern  Hho<iesia  on  his 
release  from  the  Forces. 

Lt.-Col.  J.  Weekley,  Member,  Conunanding  Perak  Local  Defence  Force, 
was  awarded  the  O.B.E.  in  the  New  Year  Honours  for  services  rendered 
during  his  internment. 

Mr.  F.  T.  M.  White,  Member,  has  been  transferred  from  t.h(>  Colonial 
Mines  Service,  Fiji,  to  the  Malayan  Administration. 

Mr.  A.  Hedley  Williams,  Associate,  has  been  released  from  \m  duties 
as  Regional  Controller,  Ministry  of  Supply. 

Mr.  Arnold  S.  Williams,  Member,  has  loft  England  on  a  visit  to  Nigeria. 

Mr.  F.  H.  Williams,  Member,  has  taken  an  advisory  post  with  the 
Ministry  of  Supply  in  connection  with  the  rehabilitation  of  the  mines  of 
Malaya  and  Siam. 

Mr.  W.  Broadhead  Williams,  Associate,  has  left  England  for  GeitA, 
Tanganyika. 
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Chronic  Pulmonary  Disease  in  South  Wales  Ck>alniiners :  Medical 
Keeearch  Ck>uncil  Special  Report  Series  No.  250.  III. — Experi- 
mental Studies :  A.  Report  by  the  Committee  on  Industrial 
Pulmonary  Disease.  B.  The  mineral  content  of  the  lungs  of  workers 
from  the  South  Wales  coalfield.  By  K.  J.  Kino  and  G.  Naoel- 
ScHMTDT.  C.  The  estimation  of  coal  and  of  aluminium  in  dried 
lung.  By  E.  J.  Kino  and  Maboarbt  Gilchkmt.  D.  Tissue  re- 
actions produced  experimentally  by  selected  dusts  from  South  Wales 
coalmines.  By  T.  H.  Belt  and  E.  J.  Kino.  E.  The  solubility  of 
dusts  from  South  Wedes  coalmines.  By  E.  J.  King.  Paper  boards, 
94  pp.,  illustrated.     London  :  H.M.  Stationery  Office,  1945.     Price  68. 

This  report* is  the  third  published  by  the  Medical  Research  Council  in 
their  Special  Report  series  and  the  Committee  on  Industrial  Pulmonary 
Disease  are  to  be  congratulated  on  the  excellence  of  the  three  reports.  The 
first  report  (No.  243.  1942)  dealt  with  ihe  clinical  and  pathological  aspects 
of  the  disease.  The  second  (No.  244.  1943)  decdt  with  the  physical  and 
chemical  nature  of  the  dust  to  which  the  worker  is  exposed  and  to  ^e 
chemical  and  petrological  characteristics  of  the  coal  seams. 

King  and  Nagelschmidt  have  reported  on  the  chemical  analysis  of  the 
lungs  of  54  workers  from  ttie  South  Wales  coalfield.  Their  analysis  dealt 
with  siUca,  alumina  and  coal  after  isolation  of  the  residues  and  determined 
the  quartz,  mica  and  kaolin  by  X-ray  diffraction  pattern  analyses.  They 
were  able  as  a  result  of  their  investigations  to  show  a  correspondence 
between  employment,  e.g.,  collier,  hard  heading  worker,  and  the  mineral 
content  of  the  lungs.  In  the  case  of  the  anthracite  collier  the  analysis  of 
the  lung  dusts  corresponded  almost  identically  with  the  dust  at  the  coal 
face.  The  interesting  point  of  their  observ^ations,  and  one  which  might  be 
anticipated,  is  that  the  concentrations  of  quartz  and  mica  ran  more  or  less 
parcdlel  with  the  degree  of  fibrosis  present  in  the  lungs.  No  relationship 
between  fibrosis  and  the  concentration  of  coal  and  kaolin  was  found.  Their 
final  conclusion  was  that  quartz  was  the  major  etiological  agent  in 
production  of  pulmonary  fibrosis. 

In  section  C,  King  and  Gilchrist  discuss  the  methods  for  the  estimation 
of  the  coal  and  alumina  in  lung  tissue  residues.  They  investigated  experi- 
mentally several  methods  (Badham  and  Taylor,  Hydrogen  Peroxide 
Digestion,  Multiple  Soda  Treatments)  and  finally  adopted  a  method 
involving  two  soda  digestions.  They  found  the  €K?curacy  of  this  method 
to  bo  generally  within  ±  5  per  cent. 

The  aluminium  content  of  the  ashed  lung  was  determined  by  the  pre- 
cipitations of  the  meted  as  aluminium  hydroxyquinoline.  This  method  is 
described  in  detail. 

D. — Belt  and  King  investigated  in  much  detail  the  tissue  reactions 
produced  experimentally  by  selected  dusts  from  South  Wales  coalmines. 
In  the  original  report  of  this  series  (No.  243.  1942)  it  was  shown  that  the 
pnoumokoniosis  of  coal  minors  is  produced  by  a  mixture  of  dusts.  The 
authors  of  this  section  planned  their  investigation  with  the  object  of 
assessing  the  relative  harmfulness  of  those  dusts  in  so  fcur  as  they  could 
be  separated  and  tested  as  components  of  the  whole  mixture.  The  method 
of  introducing  the  dust  into  the  lung  was  the  well-known  one  of  KettJe 
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and  Hilton.  The  authors  eiimmarized  their  investigations  and  clcissified 
the  duste  used  into  pure  coal,  dusts  of  mixed  composition,  stone  dusts, 
isolated  fractions,  artificial  mixtures  of  pure  quartz  and  various  mine  dusts, 
and  mineral  matter  recovered  from  human  lungs.  As  already  mentioned 
the  essential  finding  is  that  silica  appears  to  be  the  true  fibrosis-producing 
subetance,  but  the  authors  stress  that  tissue  reaction  to  silica  is  not  a 
simple  matter  but  a  complex  biological  phenomenon.  This  section  is 
excellently  illustrated  by  a  number  of  photomicrographs. 

£. — The  solubility  of  dusts  from  South  Wales  coalmines.  In  view  of 
recent  work  in  Canada  and  America  on  the  prevention  of  silicosis  by  the 
inhalation  of  finely  divided  aluminium  and  alumina,  this  section  written 
by  £arl  J.  King  is  of  great  importance.  King  discusses  the  various  factors 
influencing  the  solubility  of  silica  and  the  literature  of  sihcic  acid.  He 
fihowB  that  the  South  Wales  dusts  show  a  low  solubility,  a  solubility  which 
is  depressed  by  the  admixture  of  shale  and  other  dusts.  This  depression 
in  solubihty  is  apparently  due  to  the  release  of  aluminium  and  the  formation 
of  a  protective  coating.  King  discusses  the  effect  of  various  coal  dusts  on 
the  solubility  of  silica  and  shows  that  there  is  considerable  difference 
between  the  effect  of  anthracite,  steam  and  bitimtiinous  coal. 

The  whole  report  is  excellently  written  emd  produced  and  the  Conunittee 
on  Industrial  Pulmonary  Disease  are  to  be  congratulated  on  a  fine  piece 
of  work. 

A.  J.  Amor. 


OBITUARY. 

Acting  Wing  Commander  Richard  Ashley  Atkinson,  D.S.O., 
D.F.C.,  Royed  Air  Force,  is  presumed  to  have  lost  his  life  on  December 
13th,  1944,  having  been  reported  missing  from  operations  on  that  date. 
He  was  31  years  old  and  the  son  of  Mr.  John  Atkinson,  Member,  of  New 
South  Wales.  Bom  in  Australia,  he  began  his  mining  career  with  Katu 
Tin  Dredging  Co.,  Ltd.,  in  West  Sieun,  where  he  was  engaged  mainly  in 
survejring  from  January  to  June,  1932.  He  then  came  to  London  and 
studied  at  the  City  and  Guilds  Engineering  College  for  three  years, 
graduating  in  1935  with  the  Associateship  of  the  College  and  the  degree 
of  B.Sc.  in  Electricckl  Engineering.  He  then  entered  the  Royal  School  of 
Mines  and  on  obtaining  the  A.R.S.M.  in  Mining  in  1937,  returned  to 
Australia  to  join  the  staff  of  Wiluna  Gold  Mines,  Ltd.  From  February, 
1938,  he  was  employed  in  contract  mining  and,  later,  in  the  surveying 
office  at  North  Broken  Hill,  Ltd.,  N.S.W.,  but  left  in  May,  1939,  on  his 
appointment  as  shift  boss  to  Renong  Consolidated  Tin  Dredging  Co.,  Ltd., 
Thailand. 

Having  been  a  Flying  Officer  in  the  R.A.F.  reserve  since  1933,  Mr. 
Atkinson  was  called  up  immediately  on  the  outbreak  of  war  and  attached 
to  the  Royed  Australian  Air  Force,  serving  as  Squadron  Leader  in  the 
Pacific  area  of  operations  until  his  posting  to  Coastal  Command  of  Groat 
Britain  in  1944.  For  his  work  in  the  Pacific  he  was  awarded  the  D.S.O. 
and  D.F.C.  with  bar.  He  was  in  command  of  a  Mosquito  squadron 
attached  to  Coctstal  Conunand  when  his  aircraft  failed  to  return  to  base 
from  an  anti-shipping  operation  off  the  coast  of  Norway. 
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Wing  CSominaiider  Atkinson  wets  elected  to  Studentship  of  the  Institution 
in  1936  and  was  transferred  to  Assoc iateship  in  1944.  He  was  also  an 
Associate  of  the  Australasian  Institute  of  Mining  and  Metallurgy. 

Vincent  Brlce  Garew  Baker  died  in  the  jungle  in  Malaya  on  April 
29th,  1944,  at  the  age  of  56.  He  received  his  professional  training  at  the 
Camborne  School  of  Mines  from  1906  to  1909,  obtaining  a  first-class  Diploma 
of  the  School.  He  was  awarded  a  first-class  certificate,  Cutler*s  Company*8 
Prize  and  the  Institute's  Silver  Medal  in  the  City  and  Guilds  of  London 
Institute's  examination  in  *  Occurrence,  Raising  and  Dressing  of  Ores ', 
and  held  an  I.M.M.  Post-Graduate  scholarship  at  the  Great  Boulder 
Proprietary  mine,  Kalgoorlie,  W.A.,  from  1909  to  1911.  For  seven  months 
subsequently  he  was  employed  in  prospecting  in  Western  Australia  for  the 
same  company,  but  in  February,  1912,  obtained  an  appointment  as  surveyor 
to  Pahang  Consolidated  Co.,  Ltd.,  in  the  Federated  Malay  States,  fie 
became  underground  maneiger  in  November,  1913,  of  three  of  the  com- 
pany's mines,  becoming  ten  years  later  acting  general  superintendent  and, 
in  1929,  general  manager  on  their  lode  tin  mines  in  Malaya.  When  the 
Japanese  overran  the  country  in  December,  1941,  he  managed  to  escape 
into  the  jungle  with  his  sister,  and  they  eventually  joined  with  the  Chinese 
guerillas.  They  both  fell  ill  with  malaria,  however,  and  with  the  approach 
of  the  Japanese  had  to  be  left  behind  as  the  Chinese  withdrew.  They  were 
not  captured,  but  Mr.  Baker  died  a  few  weeks  later  and  his  sister  rejoined 
the  guerillas  and  fought  with  them  until  the  Japanese  sturender. 

Mr.  Baker  was  elected  a  Student  of  the  Institution  in  1909,  and  was 
transferred  to  Associateship  in  1915  and  to  Membership  in  1924. 

William  John  Bamett  died  on  November  8th,  1945,  at  the  age  of  77. 
He  was  a  student  at  the  Ccmibome  School  of  Mines  for  four  years,  where 
he  won  the  Medal  of  the  Mining  Association  of  Cornwall  and  Devon,  and 
then  worked  for  four  years  in  Cornish  mines.  He  took  up  the  appointment 
of  assistant  general  manager  to  La  Joya  copper  mines,.  Huelva,  Spain,  in 
1892,  and  a  year  later  joined  the  Spes  Bona  Gold  Mining  Co.  in  the  position 
of  assistant  manager  and  assayer,  leaving  aft«r  eight  months  to  become 
head  assayer  to  the  Pciarl  Central  Gold  Mining  and  Exploration  Co.,  Ltd., 
Johannesburg,  where  he  also  did  private  reporting.  From  1806  to  1900  he 
was  employed  as  mining  engineer  to  Consolidated  Mines  Selection  Co., 
Ltd.,  eind  then  spent  some  months  examining  mines  in  New  Caledonia  and 
Australia.  For  many  years  he  was  in  practice  as  a  consulting  engineer, 
with  headquarters  in  London,  but  retired  from  active  work  after  the 
1914-18  war.  Ho  was  a  director  of  the  Poderosa  Mining  Co.,  Ltd.,  and  of 
other  concerns  at  the  time  of  his  death. 

He  was  elected  to  Studentship  of  the  Institution  in  1893,  and  was  trans- 
ferred to  Associateship  in  1896  and  to  Membership  in  1902. 

Selwyn  Gwillym  Blaylock  died  at  the  age  of  66  in  the  Trail -Tadanac 
Hospital,  Canada,  on  Xovember  19th,  1945,  after  a  long  illness,  ^e  was 
bom  in  Paspobiac,  Quebec,  and  was  educated  at  Bishop's  College  School, 
Lennox villo,  and  McGill  University,  graduating  in  1899  with  the  B.So. 
degree  in  mining  and  metallurgy.     He  obtained  an  appointment  in  British 
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Cohimbia  as  assayer  and  junior  chemist  at  the  Trail  plant  of  the  Canadian 
Smelting  Works,  and  became  chief  chemist  at  the  plant  in  1901  and  metcd- 
Inrgist  in  1905.     Upon  the  acquisition  of  the  Trail  smelter  in  1906  by  the 
ConBolidated  Mining  and  Smelting  Company  of  Canada,  Ltd.,  Mr.  Blaylock 
began  his  long  association  with  that  company,  and  was  appoititod  chief 
superintondent  at  the  Hall  mines  smelter  in  Nelson  in   1907.     He  was 
transferred  to  the  St.  Eugene  mine,  Moy ie,  in  1 908,  and  the  following  year, 
in  company  with  Mr.  R.  H.  Stewart,  made  an  examination  of  the  Sullivan 
mine  which  was  subsequently  acquired  by  the  Consolidated  Mining  and 
Smelting  Company  of  Canada,  and  ho  was  appointed  superintendent  of 
that  mine  also  until  1911.     He  was  recalled  to  Trail  as  assistant  general 
manager,  and  during  the  1914-1918  war  Mr.  Blaylock*s  great  efforts  success- 
fully increased  the  production  of  zinc  at  the  Trail  and  Tadanac  plants. 
He  became  general  manager  of  the  Company  in  1919,  director  in  1922, 
vice-president   in    1927,   managing   director  in    1938,   and  president   and 
managing  director  a  year  later.     He  was  appointed  chairman  and  president 
in  1943,  but  owing  to  ill  health  resigned  the  presidency  of  the  company 
while  remaining  chairman  of  the  Board.     He  was  a  director  of  the  Bank  of 
Montreal  and  several  mining  and  metallurgical  companies,  and  had  been 
a  director  of  the  Canadian  Pacific  Railway  Co. 

His  outstanding  ability  was  recognized  everywhere.  In  1924  he  was 
aweurded  the  McCharles  Prize  of  the  University  of  Toronto,  and  in  1928 
he  received  the  James  Douglas  Medal  of  the  Americcm  Institute  of  Mining 
and  Metallurgical  Engineers,  of  which  he  was  elected  an  Honorary  Member 
in  1944.  In  1929  and  in  1930  he  had  conferred  on  him  the  honorary  degree 
of  LL.D.,  first  by  McGill  University  and  then  by  the  University  of  Alberta. 
He  was  a  member  of  the  Board  of  Governors  of  the  former.  He  was 
awarded  the  Platinum  Medal  of  the  International  Nickel  Co.  of  Canada, 
Ltd.,  by  the  Canadian  Institute  of  Mining  and  Metallurgy,  of  which  he 
had  been  a  member  since  1907  and  on  whose  Council  he  had  served  for  two 
periods.  He  was  President  of  that  Institute  during  the  session  1934-35, 
and  was  designated  an  Honorary  Member  in  February,  1945. 

Mr.  Blaylock  was  elected  a  Member  of  the  Institution  in  1925  and  was 
awarded  the  Gold  Medal  of  the  Institution  in  1940  in  recognition  of  his 
oatfitcuiding  achievements  in  advancing  the  science  of  metallurgy  in  the 
Dominion  of  Canada.  With  others  he  contributed  a  paper  on  '  A  Short- 
History  of  the  Discovery  and  Development  of  the  Sullivan  Mine  *  to  the 
Empire  Mining  and  Metallurgical  Congress  held  at  Wembley  in  1924 
{Tranaactiona  I.M.M.,  vol.  34,  Part  2.  1924-25). 

Ernest  William  Byrde,  M.C.^  Craix  de  Ouerre  {France),  died  at  Kaduna, 
Nigeria,  on  February  2nd,  1946,  at  the  age  of  68.  He  was  a  student  at 
the  Royal  School  of  Mines  from  1896  to  1901,  and  graduated  in  1900  with 
the  A.R.S.M.  in  Mining.  He  left  England  to  join  the  staff  of  the  Borneo 
Co.'s  Bidi  gold  mine  in  Sarawak,  where  he  remained  for  four  years.  He 
was  on  the  Gold  Coast  from  1905-6  as  c^sistant  metallurgist  at  Abbontiakoon 
Block  I,  and  visited  Norway  and  Siberia  professionally  in  1907,  joining  the 
staff  of  Cie  des  Mines  de  Siguiri,  Haute  Guin6e,  in  the  same  year.  From 
1009  to  1911  Mr.  Byrde  was  assistant  and  acting  manager  at  Mawchi  tin 
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and  wolfram  mines  of  the  Shan  States  Syndicate,  and  for  the  following 
two  years  was  employed  by  Naraguta  Tin  Mines,  Northern  Nigeria,  whrae 
he  also  held  the  position  of  Honorary  Secretary  of  the  Nigerian  Chamber  of 
Mines.  In  1913  he  did  some  surveying  on  the  Lafon  river,  and  then  spoii 
a  yeai*  in  British  Columbia  on  the  Sullivan  mine,  Kimberley,  and  in  1914 
became  manager  of  a  copper  mine  of  the  Anglo-Orient  Syndicate  in  Turkey. 
During  the  1914-18  war  he  served  with  the  Royal  Engineers  in  France  and 
Flanders,  being  conmiissioned  in  1915  and  attaining  the  rank  of  major. 
He  was  mentioned  in  despatches,  and  was  awarded  the  Military  Cross  and 
Croix  de  Guerre  (France)  with  Citation.  From  1920-21  he  took  a 
refresher  course  at  the  Royal  School  of  Mines  emd  was  then  appointed 
manager  of  the  Kuru  Syndicate  (later  the  Jantcu:  Company),  Northern 
Nigeria.  He  subsequently  operated  a  mine  in  Nigeria  on  his  own  account 
and  was  in  private  practice  at  Jos  until  the  time  of  his  death. 

Mr.  Byrde  was  elected  a  Student  of  the  Institution  in  1901  and  was 
transferred  to  Associateship  in  1904. 

Captain  Harry  Stuart  Duncan,  F.M.S.V.R.,  is  reported  to  have  died 
of  dysentry  and  injuries  while  in  a  Japanese  prisoner-of-war  camp  at 
Kanyu  on  Jime  10th,  1943,  at  the  age  of  41.  He  received  his  professional 
training  at  the  Royal  School  of  Mines  from  1919  to  1922,  and  was  awarded 
a  first-class  Associateship  of  the  School  and  the  degree  of  B.Sc.  (London) 
with  honours  in  Metallurgy.  He  was  thereupon  engaged  as  an  assistant 
in  the  works  and  laboratories  of  Messrs.  Walkers,  Parker  &  Co.,  Ltd., 
Newcastle-on-Tyne,  until  in  May,  1925,  he  took  up  the  appointment  of 
assistant  chemist  in  the  Pulau  Brani  smelting  works  of  the  Straits  Trcuiing 
Co.,  Ltd.,  Singapore,  transferring  to  the  position  of  works  fissistant  two 
years  later.  He  remained  with  the  company  until  1933,  when  he  joined 
the  staff  of  Anglo-Malayan  Tin,  Ltd.,  Rawang,  F.M.S.,  and  was  at  Rawang 
Tin  Fields  from  1937.  News  was  received  in  1943  that  he  was  a  prisoner 
of  war  in  Camp  No.  4,  Thailand,  and  the  report  of  his  death  was  not 
received  until  January,  1946. 

Mr.  Duncan  was  elected  a  Student  of  the  Institution  in  1925,  and  was 
transferred  to  Associateship  in  1928. 

Walter  John  Joseph  Franks  died  on  October  25th,  1945,  at  the  ago 
of  75.  His  whole  career  was  with  the  firm  of  Messrs.  D.  C.  Griffith  &  Co., 
assayers  to  the  Bank  of  England,  metallurgists  and  analytical  and 
consulting  chemists,  which  he  joined  in  1887.  At  that  time  the  business 
was  mainly  concerned  with  the  eissaying  of  gold  and  silver  bullion,  but  later 
he  was  partly  responsible  for  the  development  of  the  ore  and  base  metal 
side  of  the  business,  and  in  his  capacity  of  technical  manager  did  much  to 
expand  his  company's  activities.  At  his  death  he  had  been  associated 
with  the  firm  for  58  years. 

He  was  elected  a  Member  of  the  Institution  in  1913. 

Edmund  William  Janson  died  suddenly  on  August  18th,  1945,  at 
Lundin  Links,  Fife,  at  the  age  of  77.  He  was  educated  at  Uppingham 
School  and  Cambridge  University,  and  became  a  pupil  of  Messrs.  Edward 
Riley  &  Co.,  mining  engineers  cmd  assayers,  in   1891.     A  year  later  he 
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b^gan  his  mining  training  at  the  Camborne  School  of  Mines,  graduating 
with  the  Diploma  of  the  School  in  1895.  During  1893  he  had  reported  on 
the  Pilleys  Island,  Newfoundland,  pyrites  deposits  for  Messrs.  Edward 
Riley  &  Co.,  and  in  1894,  working  for  private  interests,  he  visited  the  iron 
mines  of  Bilbao,  the  gold,  lesrd  and  slate  mines  of  North  Wckles,  and  the 
South  Staffordshire  coalfield.  He  was  then  appointed  by  the  Don  Pedro 
Gold  Mines  of  Brazil  as  surveyor  and  assistant  manager,  and  in  1896  he 
entered  into  partnership  with  Mr.  E.  M.  Touzeau,  consulting  engineer,  of 
London,  subsequently  representing  his  firm  in  Now  Zealand  and  Australia. 
In  1899  he  visited  the  United  States  and  reported  on  several  mines  in  the 
Mother  Lode  of  California,  and  in  Montana,  in  conjunction  with  Mr.  Richard 
Parker.  From  1 900  Mr.  Janson  was  a  partner  of  the  lato  Mr.  Percy  Tarbutt, 
practising  as  Tarbutt,  Son  and  Janson,  the  firm  later  being  re-named 
Percy  Tarbutt  &  Co.,  and  he  travelled  extensively  in  his  professional 
capacity.  He  retired  from  active  mining  work  in  1930,  but  continued  to 
act  as  a  director  of  various  companies,  including  the  Associated  Tin  Mines 
of  Nigeria,  Ltd.,  the  Consolidated  African  Selection  Trust,  Ltd.,  and  the 
Jan  tar  Nigeria  Co.,  Ltd.  Mr.  Janson  was  electe<l  to  Membership  of  the 
Institution  in  1909. 

John  Taylor  Marriner  died  in  Worcestershire  on  August  27th,  1944, 
at  the  age  of  69.  He  began  his  career  as  a  pupil  at  the  Blackwall  iron 
works  of  Messrs.  John  Stewart  &  Co.,  and  then  studied  engineering  at 
University  College,  London,  for  a  period  holding  the  position  of  demonstra- 
tor and  assistant  in  the  engineering  department  of  the  College.  In  1896 
he  was  employed  for  nine  months  in  the  laboratory  of  the  Casscl  Cold 
Extracting  Co.,  Glasgow,  leaving  in  1897  for  Western  Australia  to  take  up 
the  position  of  metidlurgist  at  the  Eureka  gold  mine,  Blackett's  Minos, 
Ltd.,  Coolgardie.  Later  he  was  appointed  metalliu^t  to  Great  Boulder 
Main  Reef,  Ltd.,  Kalgoorlie,  and  he  was  promoted  to  the  position  of 
manager  in  1900.  From  1903  to  1904  ho  took  over  the  temporary  manage- 
ment of  British  Corean  Concessions,  and  in  May,  1907,  became  general 
manager  of  The  Duff  Development  Co.  at  Kelantan.  Malaya.  He  left 
this  position  in  1911  on  his  appointment  as  general  manager  of  Pahang 
Consolidated  Co.,  Ltd.,  where  he  remained  for  many  years.  He  retired 
in  1933,  and  resided  in  the  Channel  Islands  until  1940. 

Mr.  Marriner  was  elected  a  Student  of  the  Institution  in  1896  and  was 
transferred  to  Membership  in  1907. 

Lieutenant-Colonel  Edgar  Pam,  O.B.E.,  died  on  DecombcT  20th, 
1945,  at  his  home  at  Virginia  Water,  Surrey,  at  the  age  of  63,  after  a  long 
illness. 

Col.  Pam  was  educated  at  Harrow  and  received  his  professional  training 
at  the  Royal  School  of  Mines,  from  which  he  graduated  in  both  mining  and 
metallurgy  in  1904.  In  November  of  that  year  ho  took  up  employment 
with  Village  Deep,  Ltd.,  Johannesburg,  first  as  assistant  sampler  and  rising 
through  the  positions  of  assistant  surveyor,  chief  sampler,  chief  sur\'eyor, 
and  shift  boss  to  mine  captain  in  May,  1909.  During  the  rest  of  tliat  year 
he  stodied  collieries  in  the  United  Kingdom  and  hydraulic  fillin.^  \w^\>\\^)A& 
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in  Germany.     From  1910  to  1912  he  was  employed  as  assistant  to  the 

consulting     engineer.     Central     Mining     and     Investment     Corporation, 

Johannesburg,  in  cJiarge  of  sand-filling  operations  at  mines  controlled  by 

that  group.     In  1912  he  was  appointed  sectional  manager  of  Geldenhuis 

Deep,  Ltd.,  a  few  months  later  becoming  manager.     During  the  Great 

War  he  served  first  in  the  Royal  Engineers  (Tunnelling  Companies)  and 

later  as  Assistant  Director  General  of  Transportation,  First  Army  and 

Army  of  the  Rhine.     He  was  mentioned  in  despatches  and  received  the 

O.B.E.  for  his  services.     Ho  returned  to  Geldonhuis  Deep  in   1920  and 

later  became  manager  of  Modderfontein  East.     In  1928  Col.  Pam  returned 

to  England  to  take  up  an  appointment  as  consulting  engineer  to  the  Mond 

Nickel  Co.,   Ltd.     When  that  company  merged  with  the  International 

Nickel  Co.  of  Canada,  Ltd.,  in  1929,  he  was  appointed  assistant  to  the 

delegate  director  of  the  Mond  Nickel  Co.,  and  becfmae  deputy  delegate 

director  in  1939.     At  the  time  of  his  death  he  was  a  director  of  the  company. 

Col.  Pam  was  elected  to  Studentship  of  the  Institution  in  1903,  was 

transferred  to  Associateship  in  1912  and  to  Membership  in  1915.     He  had 

been  a  Member  of  Council  since  1934  and  held  the  office  of  Vice-Pre«dent 

for  the  two  periods  1936-39  and  1942-44.     He  was  elected  President  of 

the  Institution  for  the  Session  1944-45  and  re-elected  for  a  second  year  of 

office  in  1945-46.     His  death  in  office  was  a  severe  loss  to  the  Institution 

and  especially  to  his  colleagues  on  the  Council,  who  had  hoped  to  have 

the  benefit  of  his  wise  guidance  in  the  difficult  post-war  period. 

Major  Carlos  Ren6  Pullinger,  M.C.,  The  Green  Howards,  died  in 
November,  1943,  of  wounds  received  during  the  landing  in  Sicily.  He 
was  25  yeai-s  old.  He  entered  the  Royal  School  of  Mines  in  1936,  and 
completed  the  course  in  mining  geology  in  1939,  graduating  with  the 
A.R.S.M.  and  B.Sc.  (Geology).  He  joined  the  Forces  early  in  the  war 
and  was  awarded  the  Military  Cross.  Major  Pullinger  was  elected  a  Student 
of  the  Institution  in  1937. 

William  Robert  Wilson  Ronald  Scott  died  suddenly  at  San  Jose, 
Costa  Rica,  on  November  13th,  1945,  at  the  age  of  69.  He  was  bom  in 
Scotland,  and  from  1894  to  1898  served  an  apprenticeship  with  Messrs. 
John  &  G.  H.  Geddes,  mining  engineers,  of  Edinburgh.  He  then  entered 
the  employment  of  Messrs.  John  Lancaster  &  Co.,  Ltd.,  first  as  assistant 
overman  and  later  as  assistant  manager  at  their  Blaina  and  Six  BeUs 
collieries,  Monmouthshire.  In  July,  1899,  he  took  up  the  position  of 
manager  of  the  Sabiwa  mine  at  Granada,  Rhodesia,  in  the  service  of  Rice- 
Hamilton  Exploration  Syndicate,  Ltd.,  until,  in  1902,  he  became  for  two 
years  engineer  for  the  Gwanda  district  for  Rhodesia,  Ltd.  In  the  autmnn 
of  1904  he  reported  on  properties  in  Mexico,  later  becoming  general 
manager  of  the  Premier  Development  Corporation  of  Mexico,  Ltd.,  and  in 
1909  he  returned  to  England  where  he  was  engaged  as  consulting  mining 
engineer  in  London.  Ho  took  up  cotton  planting  in  North  Carolina  in 
1910,  where  he  stayed  for  two  years,  and  from  1912  to  1913  conducted  a 
general  importing  business  in  Sydney.  He  resumed  mining  employment 
in  1913  at  Webb's  Consols  mine,  N.S.W.,  and  carried  out  experimental 
work    on    molybdenite.     He   left    Australia    in    1916    to   join   the   Royal 
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Engineers,  holding  a  commission  in  the  252  Tunnelling  Coy.,  B.E.F.  In 
1923  he  went  to  Costa  Rica,  Central  America,  where  he  remained  until  his 
death.     He  was  elected  an  Associate  of  the  Institution  in  1917. 

Frederick  Percy  Tremble  died  on  December  25th,  1945,  at  the  age 
of  51.  He  studied  inorganic  chemistry  and  metallurgy  in  the  evenings 
at  the  South  Western  Polytechnic  Institute,  Chelsea,  from  1911  to  1915 
and  from  1920  to  1922  while  working  for  Messrs.  Riley,  Harbord  and  Law, 
of  London,  with  whom  he  held  the  position  of  assistant  chemist  from 
November,  1910,  to  February,  1915.  He  th^n  joined  the  Royal  Navy, 
but  resumed  his  employment  in  October,  1915,  as  assistant  chemist  and 
inspector.  In  January,  1922,  he  became  manager  of  the  Swansea  branch 
of  the  firm,  and  remained  there  for  nearly  four  years,  leaving  in  December, 
1925,  on  his  appointment  as  senior  assistant  in  the  ore  department  of  British 
Metal  Corjwration,  Ltd.,  for  whom  he  worked  in  England,  Germany,  France, 
Belgium  and  It«ly.  On  the  outbreak  of  war  in  1939  he  went  to  Rugby 
with  the  Non-Ferrous  Metals  Control,  remaining  there  until  early  in  1943, 
when  he  returned  to  London  to  take  up  a  position  with  Continental  Metals 
&,  Minerals,  Ltd.,  a  subsidiary'  of  British  Metal  Corporation.  Mr.  Tremble 
joined  the  British  Economic  Mission  in  North  Africa  on  the  direction  of 
the  Ministry'  of  Supply,  and  worked  in  Algiers  with  the  Minerals  Division 
until  his  return  to  London  in  June,  1945,  to  resume  his  employment  with 
British  Metal  Corporation.  He  was  elected  an  Associate  of  the  Institution 
in  1928. 


The  Council  regret  to  report  the  death  of  Walter  Edgar  Segsworth, 
Member,  on  July  20th,  1945.  An  obituary  notice  will  appear  in  a  later 
BtiUetin. 
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AiB  Compressors  :  their  installation,  operation  and  maintenance.  By 
Eugene  W.  F.  Feller.  460  pp.  New  York  and  London  :  McGraw-Hill 
Book  Company,  Inc.,  1944.    £1     7s.     ($4.50). 

Canada  :  Geologicai.  Survey  Papers  and  Map  :  Paper  45-16  :  Canol 
geological  investigations  in  the  Mackenzie  River  area,  Northwest 
Territories  and  Yukon  (report  and  3  maps),  by  G.  S.  Hume  and  T.  A. 
Link.  Paper  45-24  :  Saunders  map-area.  Alberta  (report  and  map), 
by  O.  A.  Erdman.  Paper  45-25  :  Londonderry,  Colchester  and 
Hants  Counties,  Nova  Scotia  (preliminarv  map),  by  L.  J.  W^eeks. 
Map  829a  :  Waterford,  Kings  and  Saint  John  Counties,  New  Bruns- 
wick. Ottawa  :  Department  of  Mines  and  Resources — Mines  and 
Geology  Branch,  1945. 

Bl.  Pabicutin.  Estado  de  Michoacan.  Etfitudios  Vulcanologicos,  Institute 
de  Greologia,  Universidad  Nacional  Autonoma  de  ^Mexico.  165  pp. 
Mexico  :  Imprenta  Univei'sitaria.   1945. 
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Geological  Map  of  the  Dominion  of  Canada  (scale  1  in.  to  60  statute- 
miles).  Map  820a  of  Department  of  Minos  and  Resources,  Mines  and 
Geology  Branch,  1945.  50  cents.  {Presented  by  the  Bureau  of  Otology 
and  Topography. ) 

Geological  Mat  of  Palestine  (scale  1:500,000).  {Presented  by  the  Oovem- 
ment  Geologist,  Palestine.) 

Intorme  Geol6gico  y  Mineko  de  Los  Yacimientos  db  Ck)BRB  db  Aroa, 
EsTADO  Yaracuy.  By  Victor  M.  L6pez,  John  C.  Davey,  and  Enrique 
Rubio.     1 38  pp.    Caracas,  Venezuela  :  Litografia  del  Comercio,  1944. 

BfANTTAL    OF    MODERN    UNDERGROUND     HaULAGE    METHODS    POB    MiNINO 

ENGiNEERi).  By  H.  R.  Wheeler.  67  pp.,  illxis.  Large  crown  quarto. 
London  :  Charles  Griffin  &  Co.,  Ltd.,  1946.  18s.  {Presented  to  the 
Institution  of  Mining  Engineers  by  the  Publishers.) 

Mica.  By  R.  S.  Matheson.  75  pp.,  with  plans.  Bulletin  No.  2  of  Western- 
Australia  Department  of  Mines  (Mineral  Resources  of  Western  Austra- 
lia).   Perth  :  Government  Printer,  1944. 

Monmouthshire  and  South  Wales  Coal  Owners'  Association  r 
Seventeenth  Report  of  the  Coal  Ditst  Research  Committbe — 
Water  infusion  :  its  application — the  use  of  wetting  agents  ;  October, 
1945.  {Presented  to  the  Institution  of  Mining  Engineers  by  the  Director 
of  Research f  Tlie  Monmouthshire  and  South  Wales  Coal  Owners* 
Association.) 

National  Association  of  Colliery  Managers  :  Minutes  of  Proceed-. 
INGS,  Vol.  XLII,  1945.  268  pp.  London  :  Published  by  The  Iron 
&  Coal  Trades  Review,  1946. 

New  Zealand  Mines  Statement,  1945,  by  the  Hon.  J.  O'Brien,  Acting 
Minister  of  Mines.     38  pp.     Wellington  :  Govonunent  Printer,  1045. 

Notes  on  Spontaneous  Combustion  in  Coal  Mines.  By  H.  Price. 
19  pp.  Wigan  :  Thos.  Wall  &.  Sons,  Ltd.,  1945.  {Presented  to  the 
Institution  of  Mining  Engineers  by  the  Director,  The  Wigan  Coal  Corpora- 
tion, Ltd.) 

Plans  for  Recruitment,  Education  and  Training  in  the  Coal  Mining 
Industry.  Prepared  by  R.  W\  Revans  in  conjunction  with  the 
Recruitment,  Education  and  Training  Committeoe  of  the  Mining 
Association  of  Great  Britain,  with  an  introduction  by  Robert  Foot. 
114  pp.  London  :  Published  by  the  Mining  Association  .of  Great 
Britain,   1945. 

Portugal  :  Comunica90es  dos  SERV190S  Geol6gicos  db  Portugal. 
T6mo  XXII  and  XXIII.  109  and  369  pp.  Lisbon  :  Direc9ao  Geral 
de  Minas  e  Services  Geol6gicos,  1941  and  1942. 

Reinforced  Concrete  Design  for  Engineering  Students.  By  John 
Berry.  108  pp.  London :  Hutchinson's  Scientific  cknd  Technical 
Publications,   1945.     10s.  6d. 
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Rock  Wool.  By  E.  M.  Guppy  and  James  Phemister.  46  pp.  Memoirs 
of  the  Qeological  Survey,  Special  Reports  on  the  Mineral  Resources  of 
Great  Brit«m,  Vol.  34.  London:  H.M.S.O.,  1945.  9d.  (Presented 
hy  the  Director  of  the  Qeological  Survey  and  Museum.) 

South  Axtstraua  Department  of  Mines  :  Mining  Review  for  the  half- 
year  ended  30th  Jime,  1944 — No.  80.  118pp.  Adelaide:  Government 
Printer,  1945. 

SnfTEMS  OP  Weights  and  Measures.  By  W.  R.  IngeJls.  51  pp.  New 
York  :  Published  by  the  American  Institute  of  Weights  and  Measures, 
1945.     {Presented  hy  the  Author.) 

TJwrncD  States  Geological  Survey  Bulletins  :  900-J  and  K  :  Sub- 
sorfcM^e  geology  and  oil  and  gas  resom^es  of  Osage  County,  Oklahoma — 
Part  10.  Burbank  and  South  Burbank  oil  fields,  Townships  26  and 
27  North,  Range  5  East,  and  Townships  25  to  27  North,  Range  6  East, 
by  N.  W.  Bass,  H.  B.  Goodrich,  and  W.  R.  Dillard ;  Part  11. 
Summary  of  subsiuiace  geology  with  special  reference  to  oil  and  gas, 
by  N.  W.  Bass.  (pp.  321-42  and  343-93,  with  illus.  60  and  45 
cents.)  924 :  Supplement  to  catalogue  of  mesozoic  and  cenozoic 
plants  of  North  America,  1919-37,  compiled  by  R.  S.  LaMotte. 
<330  pp.  40  cents.)  928-A  :  Stratigraphy,  structiwe,  and  mineraliza- 
tion in  the  Beaver-Tarryall  area.  Park  County,  Colo,  (a  reconnaissance 
report),  by  Quentin  D.  Singewald.  (44  pp.,  with  maps.  15  cents.) 
928-B  :  Geology  and  ore  deposits  of  the  Shafter  mining  district, 
Presidio  County,  Tex.,  by  Clyde  P.  Ross.  (125  pp.,  with  maps. 
65  cents.)  928--C  :  Adsorbent  clays,  their  distribution,  properties, 
production,  and  uses,  by  P.  G.  Nutting.  (221  pp.  20  cents.)  928-D  : 
Manganiferous  and  ferruginous  chert  in  Perry  and  Lewis  Counties, 
Tenneesee,  by  Ernest  F.  Biu'chard  (with  statement  on  concentration 
tests  on  manganese  from  Perry  County,  by  H.  S.  Rankin).  (271  pp. 
25  cents.)  930-A,  B,  C,  D  :  Spirit  leveling  in  Illinois,  1896-1941— 
Part  1.  Southern  Illinois,  (pp.  1-481.  65  cents.)  Part  2.  West- 
Central  Illinois,  (pp.  483-918.  60  cents.)  Part  3.  East-Central 
Illinois,  (pp.  919-1281.  40  cents.)  Part  4.  Northern  Illinois, 
(pp.  1283-1704.  45  cents.)  931-H  :  Tin  and  tungsten  deposits  at 
Silver  Hill,  Spokane  County,  Washington,  bv  I^incoln  R.  Page.  (pp. 
177-203,  with  maps.  30  cents.)  931-K  :  *The  Wild  Horse  quick- 
silver district.  Lander  County,  Nevada,  by  Carl  H.  Dane  and  Clyde  P. 
Ross.  (pp.  259-78,  with  maps.  25  cent*i.)  931-R  :  Manganese 
resources  of  the  Olympic  Peninsula,  Washington  (a  preliminary  report), 
by  Charles  F.  Park,  Jr.  (pp.  435-57,  with  Ulus..  35  cents.)  931-S  : 
Manganese  deposits  in  the  Paymaster  mining  district.  Imperial  Coimty, 
California,  by  Jarvis  B.  Hadley.  (pp.  459-73,  with  illus.  30  cents.) 
932-D  :  Geophysical  abstract's  107,  October-December,  1941,  compiled 
by  W.  Ayvazoglou.  (pp.  123-83.  10  cents.)  934:  Phosphate 
resources  of  Florida,  by  George  R.  Mansfield.  (83  pp.,  with  illus. 
$1.00.)  935-A  :  Chrome  resources  of  Cuba,  by  T.  P.  Thayer.  (74  pp., 
with  illus.  $1.00.)  935-B  :  Manganese  deposits  of  Cuba,  by  Charles 
F.  Park,  Jr.  (pp.  75-97.  10  cents.)  935-C;  Tin  deposits  of  the 
Republic  of  Mexico,  by  William  F.  Foshag  ancl  Karl  Fries,  Jr.  (pp. 
99-176.  40  cents.)  935-D  :  Tungsten  deposits,  Isla  de  Pinos,  Cuba, 
by  Lincoln  R.  Peige  and  James  F.  McAllister,  (pp.  177-246,  with 
illus.  $1.25.)  93.VE  :  Nickel-silicate  and  associated  nickol-cobalt- 
manganese-oxide  deposits  near  Sao  Jose  do  Tocantins,  Golaz,  Brazil, 
by  William  T.  Pecora.  (pp.  247-305,  with  illus.  .$1.00.)  935-F  : 
Manganese  deposits  in  part  of  the  Sierra  Maestra,  Cuba,  by  C.  F.  Park 
andM.  W.  Cox.     (pp.  307-55,  with  illus.     75  cents.)     935-G  :  Geolo^ 
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and  manganese  deposits  of  Guisa-Los  Negros  area,  Oriente  Provinoe, 
Cuba,  by  W.  P.  Woodring  and  S.  N.  Daviess,  (pp.  367-86,  with  illus. 
45  cents.)  935-H  :  Manganese  deposits  in  Costa  Rica,  by  Ralph  J. 
Roberts,  (pp.  387-414.  15  cents.)  936-A  :  Muscovite  in  the  Spruce 
Pino  district.  North  Carolina,  by  T.  L.  Kesler  and  J.  C.  Olson,  (pp. 
1-38,  with  maps.  35  cents.)  936-B :  Tungsten  deposits  of  the 
Nightingale  district,  Pershing  Coimty,  Nevada,  by  Ward  C.  Smith 
and  Philip  W.  Guild,  (pp.  39-58,  with  maps.  40  cents.)  936-C: 
Topaz  deposits  near  the  Brewer  mine,  Chesterfield  County,  South 
Carolina,  by  Carl  Fries,  Jr.  (pp.  59-78,  with  maps.  30  cents.) 
936-D  :  C;ihromite  and  quicksilver  deposits  of  the  Del  Puerto  area, 
Stanislaus  Coimtv,  California,  bv  H.  E.  Hawkes,  Jr.,  F.  G.  Welle,  cmd 

D.  P.  Wheeler,  Jr.  (pp.  79-110,  with  map.  30  cent^)  936-E : 
Manganese  deposits  of  CedfCr  Creek  Valley,  Frederick  and  Shenandoah 
Counties,  Virginia,  by  Watson  H.  Monroe,  (pp.  111-41,  with  maps. 
35  cents.)  936-F  :  Quicksilver  deposits  of  the  Parkfield  district, 
California,  by  Edgar  H.  Bailey,  (pp.  143-69,  with  map.  35  cents.) 
936-H  :  Quicksilver  deposits  near  the  Little  Missouri  river.  Pike 
County,  Arkansas,  by  David  Gallagher,  (pp.  189-219,  with  map, 
55  cents.)  936-J  :  The  tin-spodumene  belt  of  the  Carolinaa  (a  pre- 
liminary report),  by  T.  L.  Kesler.  (pp.  245-69,  with  illus.  60  cents.) 
936-K  :  Tin  deposits  of  Irish  Creek,  Virginia,  by  A.  H.  Koaohmann, 
J.  J.  Glass,  and  J.  S.  Vhay.  (pp.  271-96.  10  cents.)  936-L :  The 
Three  Kids  manganese  district,  Clark  County,  Nevada,  by  C.  B.  Hunt, 
V.  E.  McKelvey,  and  J.  H.  Wiese.  (pp.  297-319,  with  maps.  30  cents.) 
936-P :  Vanadium  deposits  of  Colorado  emd  Utah  (a  preliminary 
report),  by  Richard  P.  Fischer,  (pp.  363-394.  30  cents.)  936-Q  : 
The  Coso  quicksilver  district,  Inyo  County,  California,  by  Clyde  P. 
Ross  and  Robert  G.  Yates,  (pp.  395-416,  with  map.  40  cents.) 
936-R  :  Manganese  deposits  in  the  Artillery  mountains  region,  Mohave 
County,  Arizona,  by  S.  G.  Lasky  and  B.  N.  Webber,  (pp.  417—48, 
with  maps.  $1.25.)  937  :  BibUography  of  North  Americcui  geology, 
1929-39,  compiled  by  Emma  Mertins  Thom — Part  1.  BibUography. 
(1063  pp.  $2.50.)  Part  2.  Index,  (pp.  1065-1546.  50  cents.) 
938  :  Bibliography  of  North  American  geology,  1940  and  1941,  com- 
piled by  Emma  Mertins  Thom.  (479  pp.  50  cents.)  939-A,  B,  C, 
D :  Geophysical  abstracts,  compiled  by  W.  Ayvazoglou.  108, 
January-Meu'ch,  1942  ;  109,  April-Jime,  1942  ;  110,  July-September, 
1942;  "^111,  October-December.  1942.  (138  pp.  10  cents  each.) 
940-A  :  The  Rose  Creek  tungsten  mine.  Pershing  County,  Nevada, 
by  Ralph  J.  Roberts,  (pp.  1-14,  with  maps.  30  cents.)  940-B  : 
Manganese  deposit-s  of  the  Elkton  area.  Virginia,  by  Philip  B.  King, 
(pp.  15-55,  with  maps.  75  cents.)  940-C  :  Geophysical  surveys  in 
the  Ochoco  quicksilver  district,   Oregon  (a  preliminary  report),   by 

E.  L.  Stephenson,  (pp.  57-98,  with  maps.  50  cents.)  94(>^D : 
Vanadiiun- bearing  magnetite-ilmenite  deposits  near  Lake  Sanford, 
Essex  County,  New  York,  by  James  R.  Balsley,  Jr.  (pp.  99-123,  with 
illus.  60  cents.)  940-E  :  Occurrence  of  manganese  in  Eastern 
Aroostook  County,  Maine,  by  Walter  S.  WTiite.  (pp.  1 25-61,  26  cents.) 
940-F :  Manganese  deposits  of  the  Ljiid hurst- Vesuvius  district, 
Augusta  and  Rockbridge  Counties,  Virginia,  by  Maxwell  M.  Knechtel. 
(pp.  163-98,  with  maps.)  940-G  :  Manganese  deposits  of  the  Sweet 
Springs  district.  West  Virginia  and  Virginia,  by  Harry  S.  Ladd.  (pp. 
199-217,  with  maps.  35  cent«.)  940-H  :  Manganese  deposits  of  the 
Flat  Top  and  Romid  Mountain  districts.  Bland  and  Giles  Counties, 
Virginia,  by  Harry  S.  Ladd  and  Frank  W.  Stead,  (pp.  219-46,  with 
illus.  75  cents.)  940-1  :  Tungsten  deposits  in  the  Boriana  district 
and  the  Aquarius  Range,  Moliavo  County,  Arizona,  by  S.  W.  Hobbs. 
(pp.  247-04.  witli  illus.     40  cents.)     940-J  :  Cobalt -bearing  manganese 
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deposits  of  Alabama,  Georgia  and  Tennessee,  by  W.  G.  Pierce,  (pp. 
26&t85.  20  cents.)  941  :  Geology  of  the  Coastal  Plain  of  Georgia, 
by  C.  Wythe  Ckx>ke.  (121  pp..  with  map.  $1.26.)  942  :  Geological 
and  geophysical  survey  of  fluorspar  areas  in  Hardin  County,  Illinois — 
Part  1.  Geology  of  the  Cave  in  Rock  district,  by  L.  W.  Currier. 
Part  2.  An  exploratory  study  of  faults  in  the  Cave  in  Rock  and 
Rosiclare  districts  by  the  earth-resistivity  method,  by  M.  King 
Hubbert.  (150  pp.,  with  illus.  $1.25.)  944-A  :  Phosphate  deposits 
of  the  Teton  Basin  area,  Idaho  and  Wyoming,  by  Louis  S.  Gardner, 
(pp.  1-36,  with  illus.)  945-A  :  Greology  of  the  Grey  Eagle  6wid  some 
nearby  chromite  deposits  in  Glenn  County,  California,  by  G.  A. 
Rynearson  and  F.  G.  Wells,  (pp.  1-22,  with  illus.  60  cents.)  946-B  : 
Chromite  deposits  near  San  Luis  Obispo,  San  Luis  Obispo  County, 
California,  by  Clay  T.  Smith  and  Allan  B.  Griggs,  (pp.  23-44,  with 
illus.  do  cents.)  945-C  :  Beryllium  and  tungsten  deposits  of  the 
Iron  Mountain  district.  Sierra  and  Socorro  Counties,  New  Mexico,  by 
Richard  H.  Jahns,  with  a  section  on  the  beryllium  minerals,  by  Jewell 
J.  Glass,  (pp.  45-79,  with  iUus.  $1.25.)  Washington,  D.C.  :  U.S. 
Government  Printing  Office,  1942-1944. 

United  States  GEOLooicAii  Sitivey  Professional  Papers  :  197-D : 
The  Basin  cuid  Range  Province  in  Utah,  Nevada,  and  California,  by 
Thomas  B.  Nolan,  (pp.  141-96.  15  cents.)  197-E  :  Some  standard 
thermal  dehydration  curves  of  minerals,  by  P.  G.  Nutting,  (pp. 
197-217.  5  cents.)  197-F  :  The  action  of  some  aqueous  solutions 
on  clays  of  the  Montmorillonite  group,  by  P.  G.  Nutting,  (pp.  219-36. 
10  cents.)  200 :  Geology  and  ore  deposits  of  the  Magdalena  mining 
district.  New  Mexico,  by  G.  F.  Loughlin  and  A.  H.  Koschmann. 
168  pp.  $2.00.)  201  :  Geology  and  ore  deposits  of  the  (Ik>ttonwood- 
American  Fork  Area,  Utah,  by  F.  C.  Calkins  and  B.  S.  Butler,  with 
sections  on  history  and  production,  by  V.  C.  Heikes.  (152  pp.  and 
separate  map  carton.  $1.75.)  202  :  Geology  and  ore  deposits  of  the 
Metaline  quadrangle,  Washington,  by  C.  S.  Park,  Jr.  and  R.  S.  Cemnon, 
Jr.  (81  pp.  $1.50.)  203  :  Stratigraphy  and  fauna  of  the  Louisiana 
limestone  of  Missouri,  by  James  Steele  Williams.  (133  pp.  50  cents.) 
204  :  Geology  of  the  Hanover-York  district,  Pennsylvania,  by  Anna 
Jonas  Stose  and  George  W.  Stose.  (pp.  84.  $1.75.)  205 -A  :  Relative 
abundance  of  nickel  in  the  earth's  crust,  by  Roger  (Hark  Wells,  (pp. 
1-21.  10  cents.)  Washington,  D.C.  :  U.S.  Government  Printer. 
1942-1944. 

Units  of  Weights  and  Measures.  By  W.  R.  Ingalls.  49  pp.  New  York  : 
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A  Study  of  Sizing  Analysis  by  Sieving. 

Bv  Harold  Heywood,  Ph.D.,  M.Sc,  A.C.G.I.,  M.I.  .Mcch.E.* 

I 

Introduction 

• 

Sieving  is  applied  in  industry  to  a  very  large  tonnage  of 
powdered  materials  and  is  the  most  frequently  used  procedure  for 
the  sizing  analyses  of  such  materials  in  the  laboratory,  both  for 
research  and  for  the  control  of  industrial  processes.  The  importance 
of  sub-sieve  particle-size  analysis  has  recently  receiv(»d  great  pro- 
minence, and  rightly  so,  but  the  possibility  of  improving  the 
technique  of  sieving  should  not  on  that  account  be  neglected. 
The  following  paper,  describing  researches  made  by  the  author 
on  sieving,  shows  that  with  proper  attention  to  standardization  of 
procedure,  sieving  may  attain  the  accuracy  and  precision  required 
by  modern  methods  for  the  control  of  industrial  and  mining 
processes. 

Standard  Sikves  and  Perforated  Plates 

In  1907  the  Institution  of  Alining  and  MetaUurgy  recognised 
the  need  for  standardization  of  sieve  apertures  and  introduced 
the  I.M.M.  sieve  serirs.  These  sieves  covered  the  range  from  5  to 
200  meshes  per  lineal  inch,  and  in  all  cases  the  aperture  was  equal 
to  the  diameter  of  the  wire,  giving  an  effective  sieving  area  of  25 
per  cent  of  the  area  of  the  cloth.  Tlie  American  Society  fo^  Testing 
Materials  adopted  a  series  using  finer  wires,  these  sieves  thus  having 
a  larger  effective  sieving  area.  The  lower  limit  of  this  series?  is  400 
meshes  per  Hneal  inch,  aperture  37  microns  (1  mm.  =  1,000  microns), 
but  a  hberal  tolerance  has  to  be  allowed  in  the  weaving  of  such  tine 
meshe^  The  British  Standards  Institution  introduced  in  1931  a 
sieve  series  which,  using  standard  gauges  of  wire,  conformed  more 

^AssiBtant  Professor  and  Reader,  Department  of  Mechanical  Engineering, 
Imperial  College  of  Science  and  Technology. 
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closnh*  tlian  the  I.M.M.  «Hrii\s  to  the  American  and  Continental 
sieve  series.  A  revised  British  Standard  S(»ries,  issued  in  1943, 
divided  test  sieves  into  special  and  normal  <^rades,  the  nominal 
aperture  beinjj:  the  same  for  a  ^iven  sieve  mesh  in  each  grade,  but 
w^th  the  tolerances  reduced  for  the  special  grades.  In  this  B.8. 
series  fine  mesh  sieves  extend  over  the  range  5  to  800  meshes  per 
lineal  inch  :  medium  mesh  sieves  extend  from  3*|g-in.  to  J-in. 
aperture,  and  plates  perforated  with  stjuare  holes  from  -ft^-in.  to 
4-in.  aperture.  The  introduction  of  the  perforattMl  plates  was 
largely  due  to  the  investigations  of  Markwick,(^)*  who  showed  that 
apertures  greater  than  -^  in.  could  he  punched  in  plate  nnich 
more  accurate^ly  than  sieves  of  corresponding  apertun*  could  be 
woven.       I 

Tht'  procedure  reconnuended  for  the  optical  examinati(m  of  test 
sieves  is  described  in  1>.S.  410,  1948.  The  average«and  maximum 
ap»Ttures  am  restricted  to  definite  tolerances,  the  latitude  i)eing 
great^'r  with  the  finer  sieves,  and  in  addition  intermediate  aper- 
tures arc  sp»rifie<l  with  the  proviso  that  not  more  than  six  per  cent 
of  the  apertures  shall  Ix*  beyond  the  limits  of  either  of  these  inter- 
mediate a{)ertures.  Extensive*  researches  by  MacC'alman(*)  failed 
to  determine  any  method  by  which  the  effective  apertun»  of  a 
siev(»  could  be  calculatiMl  from  the  results  of  optical  measurements 
of  the  apertures.  It  is  clear,  h()wev(»r,  that  oversize^  apertures  an» 
more  undesirable  than  undersizc*  apertun^s,  since  the  latter  arc 
nuTely  ine{Tt'ctiv(»,  whilst  with  prolgnged  sieving  the  former  result 
in  an  appn»ciable  increase  in  the  size  of  [)article  passed  by  tin.' 
sieve.  The  effective  aperture  of  a  sieve  is  thus  likely  to  be  greater 
than  the  mean  aperture  determined  by  optical  examination  and 
the  system  of  intermediate  aperture  toleranct»s  was  introduced  in 
order  to  reduce  this  difference. 

KfFKCT   of    InHKOULAH    SlIAI'K    OF    pAirricLFs 

Sieving  lias  the  object  of  sizing  particles  whose  relative  dimen- 
sions of  length,  breadth,  and  thickness  mav  varv  widelv.  It  is 
thus  important  to  determine  which  dimension  of  a  particle  is  most 
clos»»ly  related  to  th<'  sieve  ap(»rture  through  which  it  will  just  pass. 
The  cross  section  of  the  particle  passing  must  obviously  lie  within 
the  s(|uart*  area  representing  tin*  sieve  a})erture.  but  the  length  is 
not  so  restricted  :  for  example,  pieces  of  wire  up  to  (»ight  times  the 
sieve  aperture  in  length  may  easily  be  made  to  pass  hy^  normal 
sieve  shaking. 

*i^'i^;un"s  ill  pnreiit hoses  n'fer  to  i*cfcr(Mu'(»s  tfivefi  at  the  eml  of  the 
jwper. 
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The  diagrams  in  Fig.  1  show  how  the  shape  of  a  particle  afifects 
the  apparent  size  corresponding  to  a  given  square  aperture.  If 
the  particle  is  approximately  square  in  cross  section,  then  the 
breadth  is  equal  to  the  aperture  dimension ;  if  the  particle  is 
thinner,  but  has  an  approximiately  rectangular  cross  section,  then  . 
the  breadth  is  greater  than  the  side  dimension  of  the  aperture  but  less 
than  the  diagonal  of  the  aperture.  If,  however,  the  edges  of  the 
particle  are  sharp,  or  the  particle  is  very  thin,  then  the  breadth  is 
equal  to  the  diagonal  of  the  aperture. 

Thus  whilst  the  thickness  of  the  particle  may  vary  from  a 
negligible  figure  to  the  aperture  side  dimension,  the  breadth  is 


Fio.  1. — ^Effect  of  shape  on  relationahip  between  breadth  of  particle  and 
sieve  aperture. 

restricted  to  the  limits  of  1  to  1.414  times  the  aperture  side  dimen- 
sion, and,  therefore,  it  is  the  breadth  of  the  particle  that  is  most 
closely  related  to  the  aperture  size. 

The  extent  of  the  variation  in  length,  breadth,  thickness,  and 
volume  occurring  in  practice  was  determined  by  measurements  on 
142  crushed  sandstone  particles  that  had  been  graded  by  hand 
placing  to  be  retained  on  a  1-in.  square  aperture  and  to  pass  a 
H-in.  square  aperture.  The  breadth,  thickness^  length  and  volume 
of  each  particle  were  measured,  and  the  mean  values,  the  standard 
deviations*  and  the  maximum  variations  are  shown  in  Table  I. 

These  results  show  clearly  that  there  is  least  variation  in  the 
breadth  of  the  particles,  whereas  the  extreme  values  of  volume 
have  a  ratio  of  5  to  1  in  spite  of  the  very  close  grading  of  the  test 

^Standard  deviation  is  defined  in  Appendix  I. 
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•deduced  from  these  that  the  average  diameter  of  particles  as  seen 
under  the  microscope,  which  is  usually  intermediate  between  the 
length  and  the  breadth,  is  greater  than  the  size  of  sieve  aperture 
though  which  they  have  passed.  This  ratio  between  mean  pro- 
jected diameter  and  sieve  aperture  is  usually  about  1.4,  but  more 
detailed  figures  have  been  given  in  a  previous  pubhcation  by  the 
author.^) 

Standardization  of  Sieving  Procedure 

The  permissible  tolerances  of  test  sieves  have  now  been  reduced 
to  the  minimum  commensurate  with  the  technique  of  commercial 
weaving,  hence  further  efforts  to  reduce  variations  between  sieving 
analyses  made  in  different  laboratories  must  be  applied  to  the 
actual  process  of  sieving. 

Sieving  is  a  statistical  process — that  is,  there  is  always  an  element 
of  chance  as  to  whether  a  particular  particle  of  *  near  mesh '  dimen- 
sions will  or  will  not  pass  through  the  sieve.  Thus  there  is  no 
definite  *  end  point  *  of  a  sieving  analysis,  and  this  must  be  fixed  by 
means  of  some  conventional  agreement. 

Specifications  have  been  issued  for  defining  the  '  end  point  *  by 
the  following  methods  : — 

(a)  By  means  of  a  standard  time  of  sieving. 

{h)  By  sieving  until  the  weight  of  material  passing  the  sieve  per 
minute  is  less  than  a  specified  percentage  of  the  weight  of  sample 
taken. 

(c)  By  sieving  until  the  weight  of  material  passing  the  sieve 
per  minute  is  less  than  a  specified  percentage  of  the  weight  of 
residue  on  the  sieve  concerned. 

Method  (a)  is  applied  in  B.S.  No.  12,  1940,  for  Portland  cement, 
which  states  that  sieving  on  the  170-mesh  sieve  is  to  be  continued 
for  15  minutes.  Method  (6)  is  specified  by  the  A.S.T.M.(*)  for  the 
sieving  analysis  of  pulverized  coal,  the  limiting  rate  of  passing 
being  0.1  per  cent  of  the  sample  weight  per  minute.  Method  (c)  is 
adopted  by  A.S.T.M.  Standard  C41-33  for  the  grading  of  road 
aggregates,  the  limiting  rate  being  1  per  cent  of  the  weight  of 
material  on  the  sieve  per  minute.  Definition  of  the  *  end  point  ' 
by  means  of  a  specified  sieving  rate  would  appear  to  be  fundament- 
ally more  accurate,  but  is  clearly  more  tedious  to  apply  in  practice, 
and  for  most  purposes  a  specified  sieving  time  would  be  sufficiently 
accurate. 

The  process  of  sieving  occurs  in  two  stages.  First,  the  elimina- 
tion of  the  fine  dust,  which  usually  takes  place  fairly  rapidly, 
and,  secondly,  the  elimination  of  the  '  near  mesh '  particles,  which 
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occurs  at  a  gradnally  diminishing  rate.  It  is  this  second  diininatioR 
which  creates  the  difficulty  in  defining  the  '  end  point/  for  it  is 
afiPected  by  the  method  of  shaking  the  sieve,  the  weight  of  sample 
nsed  for  the  test,  the  shape  of  the  particles,  and  the  moisture  c<mtc«it 
of  the  material  and  even  of  the  atmosphere. 

The  author  has  very  definite  opinions  on  one  feature  of  sieve 
analyses — namely;  that  a  preliminary  sieving  should  be  conducted 
on  the  finest  sieve  of  the  series  to  be  nsed.  This  removes  the  bulk 
of  the  fine  dust  and  avoids  clogging  of  the  coarser  sieves  in  suc^^es- 
sion,  although  some  fine  dust  frequently  adheres  to  the  coarser 
particles  in  spite  of  prolonged  sieving. 

The  extent  of  this  effect  was  shown  by  experiments  made  on  the 
dry  sieving  of  ground  silica  on  a  200-mesh  B.S.  sieve,  in  which  a 
detailed  examination  was  made  of  the  material  passing  the  sieve 
after  successive  periods  of  sieving.  A  60-gram  sample  was  shaken 
on  the  sieve  by  hand  and  the  amount  passing  after  each  minute 
was  weighed ;  complete  particle  size  determinations  were  made 
on  some  of  these  fractions  by  means  of  an  apparatus  of  the  tur- 
bidimeter type,  in  which  the  rate  of  settlement  of  the  particles  in 
water  was  determined  by  photo-electric  measurements  of  the 
opacity  of  the  suspension.  The  results  of  th^  tests  with  dry  sieving 
are  given  in  Table  II. 

Table  II 
Dby  SncviNO  Test  on  Gbound  Silica,  200-Mesh  B.S.  Sieve 


Percentage  of  Sample  passing  Sieve 

Sieving  Period, 

minutes 

Per  Minute  of 

Total  at  end  of 

Sieving  Period 

Period 

0  —  1 

42*90 

42*90 

1  —  2 

16*48 

68-38 

2  —  3 

9*84 

68-22 

3  —  4 

4-40 

72-62 

4  —  6 

2-56 

7618 

6  —  6 

110 

76-28 

6—7 

0-82 

77-10 

7  —  8 

0-61 

77-71 

8  —  9 

0-42 

7813 

9  —10 

0*34 

78-'47 

10  —11 

0-26 

78-73 

11  —13 

0-28 

79-29 

13  —16 

0-21 

79-71 

16  —17 

0-21 

8014 

17  —20 

016 

80-69 
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Corves  of  percentage  undersise  against  particle  size  calculated 
fiom  Stokes'  equation  lor  the  terminal  velocity  of  fall  are  given  in 
Eig.  8  for  some  of  these  fractions.*  During  the  first  minute  of  sieving 
the  undersize  consisted  mainly  of  particles  ranging  from  0  to  50 
micronSy  thus  representing  the  fine  dust  present  in  the  sample. 
Separation  of  the  fine  dust  and  the  '  near  mesh  '  particles  began  to 
take  place  in  the  fourth  minute  of  sieving,  as  shown  by  the  double 
inflexion  in  the  grading  curve.  The  particles  passing  during  the 
seventh  minute  were  clearly  separated  into  fine  dust  below  20 


z 


8 


i 


t 


TO 


1 

isT     Mir 

ON  2001 

4UTF. 
MIESH 

^^/ 

f 

* 

/ 

4TM 

MINUTE  > 

i 

T 

ISrH-lOTN 

MINUTES 

« 

V 

r 

MINUTE 

/f 

EAR  MESH 
ARTICLES 

/ 

/ 

J 

/ 

M^^mTt 

>U$T 

• 

■y 

• 

20  40  «0  00  100 

PAHTICLE  SIZE  FROM  STOKCS'  LAW.  MICRONS 


IK 


Fio.  3. — ^Variation  in  particle  size  with  sieving  time— dry  sieving  test. 


microns  and  amounting  to  12  per  cent  by  weight  and  '  near  mesh  ' 
particles  ranging  from  about  40  to  100  microns,  with  very  few 
intermediate  sized  particles.  During  the  period  17  to  20  minutes 
the  adherent  fine  dust  was  reduced  to  7  per  cent  by  weight  and  to 
less  than  10  microns  in  size. 

A  similar  test  was  made  for  comparison  in  which  the  fine  dust  was 
•eliminated  by  wet  sieving.  The  50-gram  sample  of  ground  silica 
was  first  washed  on  a  800-mesh  sieve,  the  residue  dried,  and  then 
fieved  on  the  200-mesh  sieve.  The  results  of  this  test  are  given  in 
Table  III  and  selected  undersize  curves  in  Eig.  4. 
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TABLE  III 
Wbt  SiEvnro  Test  on  Gsound  Siuca,  200-Hksb  B.S.  Sncva 


Sumttff  Period, 

Per  Mmule  of 
Sieving  Peruxf 

Total  at  md  of 
Period 

WetnevingonSOO-meBb 

_ 

67-36 

0  —  1 

11-04 

79-30 

.1—2 

1-30  - 

80-60 

2  -3 

051 

Sill 

3-4 

0-80 

91-6I 

4-3 

0-27 

81-88 

5-7 

0-20 

83-27 

7-  9 

013 

82-53 

9  —12 

0-08 

82-77 

A  STUDY  OF  SIZING   ANALYSIS  BY  SIBVINO. 
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Thifl  test  shows  the  very  rapid  approach 'to  coinpletion  when 
the  flue  dtist  has  previously  been  removed  by  wet  sieving,  and  tYte 
oottiplete  absence  of  fine  dust  adh^^ng  to  the  coarser  particles; 
The  curves  also  show  the  influence  of  oversize  sieve  apertures  whetl 
sieving  is  prolonged.  .       .;  ;  ■  i■^ 

Not  only  doe«i  fine  dust  adhere  td  coarser  particles,  but  aggre*- 
galea  of  very  fine  particles  may  occur  in  samples  of  drv^  powders 
which  are  strong  enough  to  resist  the  abrasive  actioh  of  sieving  but 
are  dispersed  when  the  powder  is  wetted.  This  effect  is  particularly 
marked  if  the  material  contains  clay-^.g.,  as  in  moulding  sands. 
The  test  results  shown  in  Table  IV  demonstrate  the  magnitude  c)f 
the  difference  that  may  be  obtained  between  the  results  of  dr^-  and 


wet  sieving  on  the  same  material. 


■ « 


TABLE  IV 

COMFABISOM   OF   DRY  AND   Wxt   SIEVING 


1 

Material 

Per  cent  through 
\W-mesh  Sieve 

Per  cent  through 
200'me8h  Sieve 

Dry 

Wet 

80-5 
96*4 
99-4 
99-9 
99-8 
98-.^ 

Dry    \ 

Wet 

MoiildinfiT  sand   

74-9 
90-5 
96-8 
94-2 
98-4 
980 

8r> 

11-6 
ir)-9 

30-6    5 

1 

81() 

77-9 

'    91« 

•>2-7 

42- "> 

Mouldinfif  loam  

31-4 

48-2 

9f                                ••                ••• 

.'SH^ 

Ground  Bilica 

«H'r> 

—         f         —  ■ 

81-7 

,- 

. 

95-4 

»♦           ••     ......•.......»»•» 

The  proportion  of  material  passing  the  sieve  is  increased  in  aft 
cases  by  wet  sieving  and  this  method  would  obviously  be  used  for 
the  grading  of  mineral  ground  in  the  wet  condition,  but  drj-  ground 
mineral  to  be  used  dry  should  if  possible  bo  sieved  dry,  since  the 
analysis  thus  obtained  represents  the  effective  particle  size  distribu- 
tion. Any  system  of  standardization  of  sieving  methods  must 
therefore  distinguish  between  the  two  methods  and  define  the 
conditions  to  which  they  are  respectively  applicable. 
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The  effect  of  sample  weight  on  the  time  required  to  complete  a 
sieving  aualjsis  and  on  the  result  was  investigated  by  experimoits 
in  which  coal  dust  was  dry  •sieved  on  British  Standard  sievefl'S  in. 
in  diameter.  Samples  of  20,  50,  and  100  grams  weight  were  sieved 
until  the  rate  of  passing  per  minute  was  less  than  0.1  per  cent  of 
the  sample  weight.  The  results,  shown  in  Table  V,  show  that 
neither  the  time  required  to  attain  the  above  rate  of  sieving  nor 
the  total  percentage  passing  the  sieve  at  this  time  were  appreciably 
affected  by  the  weight  of  sample. 

TABLE  V 
Eftbot  of  Sample  Wsioht  on  Sikvinu 


Sieve 
Meah 

Weight  of 

Sample, 

grams 

Time  to  attain  rate 

of  0-1  per  cent  per 

miinute,  mimUea 

Percentage    paaeimg 
at  time  to  attain  0-1 
per  cent  per  fiMUMfe 

60 

100 

2-8 

• 
96-9 

50 

8-3 

96-8 

20 

30 

96*9 

100 

100 

6-8 

89-3 

50 

6-7 

891 

20 

6-6 

890 

150 

100 

13-6 

76-3 

50 

140 

76-3 

20 

• 

13-8 

76-6 

200 

100 

18-2 

60-4 

50 

180 

61-6 

20 

17-2 

61-3 

The  following  sample  weights  are  suggested  as  being  the  maximum 
suitable  for  the  sieving  analyses  of  various  minerals  on  8-in.  diameter 
sieves  :-^ 

Coal  dusts  and  pulverized  coals 50  grams. 

Other  minerals  of  specific  gravity  less  than 
8.1 50  to  100  grams. 

Minerals  of  specific  gravity  8.1  or  greater  ...     100  grams. 

A  minimum  weight  of  20  grams  is  suggested  in  order  that  the 
sample  may  represent  the  bulk,  but  there  may  of  course  l)e  occasions 
on  which  this  amount  of  material  is  not  available. 


A  STUDY   OF  SIZING   ANALYSIS  BY   SIEVING. 
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COBRBLATION   OF  SlEVINa   AnALY8B8 

The  foregoing  sections  of  the  paper  have  shown  how  the  results 
of  a  sieving  analysis  are  affected  by  the  particle  shape,  the  method 
<^  sieving,  and  the  weight  of  sample.  The  exp^ments  described 
below  were  devised  to  show  the  extent  of  the  variation  in  the 
analyses  made  at  different  laboratories  when  th^  same  material  and 
weight  of  sample  was  used  throughout. 

A  system  of  sieve  caUbration  for  the  analyses  of  Portland  cement 
was  devised  by  the  U.S.  Bureau  of  Standards  (^)  by  which  samples 
of  a  standard  cement  that  had  been  graded  on  a  master  sieve  were 
supphed  to  laboratories  for  grading  on  their  own  sieves.  By  this 
means  a  residual  weight  correction  was  obtained,  which  could  be 
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Fio.  5. — ^Variation  with  finenem  of  weight  corrections  for  sieve. 

applied  to  subsequent  analyses  to  convert  these  to  results  which 
would  have  been  obtained  with  the  master  sieve  of  the  Bureau  of 
Standards. 

A  consideration  of  the  curves  in  Pig.  5  shows,  however,  that  such 
weight  corrections  can  only  be  constant  for  a  fixed  fineness  of 
powder.  Let  A^  be  the  mean  aperture  of  the  sieve  which  is  assumed 
standard  and  A2  the  aperture  of  another  sieve  termed  the  user's. 
If  the  curve  (1)  represents  part  of  the  grading  curve  for  a  particular 
powder  as  determined  by  the  standard  series  of  sieves,  and  if  it  is 
assumed  that  the  mean  aperture  Aj  is  greater  than  A, ,  then  more  of 
the  powder  will  pass  through  the  user's  sieve  and  the  weight 
correction  to  bring  the  analyses  into  agreement   is  A  W^  for  an 
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aperture  error  of  A  A.  If,  however,  another  powder  of  different 
fineness  iff  being  analysed,  as  shown  by  the  curve  (2),  then  the^ 
weight  correction  A  Wg  will  also  be  different. 

Samples  of  coal  dust  were  submitted  to  seven  different  labora- 
tories and  a  50*gram  sample  sieved  orf  B.8.  sieves  of  72,  100,  160,^ 
and  200  mesh.  The  average  of  the  se^n  sieving  analysee  was. 
plotted  against  the  nominal  aperture  of  the  corresponding  sieves, 
and  from  this  curve  the  aperture  error  of  each'  individual  sieve  was 
determined  for  three  finenesses  of  coal  dust.*  The  standard  devia- 
tion of  the  seven  aperture  errors  for  each  sieve  was  then  calculated 
and  expressed  as  a  percentage  of  the  nominal  sieve  aperture,  thim 
giving  an  indication  of  the  probable  variation  in  the  sieving  analyses 
for  the  conditions  of  that  particular  test.  The  average  fineness  of 
the  various  samples  of  coal  dust  is  shown  by  the  figures  in  Table  VI- 

Table  VI 

AVEKAOE   SlEVINd    ANALYSES    OF   COAL   DuST   SAMPLES 


Sample  No. 

\3t  Serie 

3 

2 

nd  Series 

3rd  Set-ies 

1 

76-9 
60-8 
49- 1 
36-6 
27-2 

2 

99-4 
93-8 
83- 1 
64-9 
51-2 

4 

5 

6 

8 

9to  1^ 

Cumulative  per 
(•ent     paR8ing 
sieve  : 

52  mesh 

72  mesh 

100  mesh 

150  mesh 

200  mesh 

99*6 
97-4 
90-7 
75-2 
58-3 

7J-6 
57- 1 
46-7 
35-4 
27-5 

99- 1 
95-9 
87-8 
71-4 
56-9 

99-6 
98*8 
96-3 
86-9 
72-7 

84-2 
51-8 
26-7 

99-3 
97-6 
910 
82-2 

The  same  sample  of  dust  cannot  be  re-sieved,  owing  to  the 
slight  loss  of  fines  and  also  because  of  possible  degradation  during 
the  sifvinj]^  process  ;  hence  a  separate  sample  from  the  bulk  was 
sent  to  each  laboratory  and  the  sieving  errors  included  also  errors 
due  to  sampling.  This  was,  however,  no  disadvantage,  for  in 
practice  these  two  effects  are  necessarily  combined  and  three 
different  devices  for  sub-dividing  the  bulk  sample  were  tested. 

Sub-divider  No.  1  consisted  of  12  sector-shaped  receptaclea 
momited  on  a  rotatable  plate,  the  bulk  sample  being  delivered 

*An  example  of  the  method  of  determining  the  apertive  errors  and  the 
standard  deviation  is  described  in  Appendix  I.  For  the  purpose  of  intoT' 
preting  the  results  of  these  tests,  the  standard  deviation  may  be  regarded 
as  a  relative  measure  of  the  probable  error  involved  by  the  method  of  test* 
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through  a  chute,  so  that  a  representative  portion  was  collected  by 
each  receptacle  as  it  passed  underneath.  This  device  is  described 
fuUy  in  B.S.  No.  785—1937,  p.  76.. 

StUhdivider  No.  2  consisted  essentially  of  a  small  plate  pivoted 
horizontally  •at  the  top  edge  and  oscillated  through  an  angle  of 
approximately  80°  by  means  of  a  link  connected  to  a  crank 
rotating  at  240  r.p.m.  The  bulk  sample  was  dehvered  tKrough  a» 
chute  mounted  centrally  above  the  top  edge  of  the  plate  and  was 
thus  divided  into  two  portions  which  were  collected  in  separate 
receptacles. 

Suthdivider  No.  8  was  a  micro- riffler  made  according  to  dimen- 
sions Bpecified  in  the  Engineering  and  Mining  JournaK^), 

In  the  first  series  of  comparative  sieving  tests  50-gram  samples  of 
coal  dusts  Nos.  1,  2,  and  8,  which  had  been  prepared  by  sub-divider 
No.  2,  were  sent  to  the  seven  co-operating  laboratories.  These 
samples  were  sieved  by  the  procedure  normally  used  at  each  respec- 
tive laboratory — i.e.,  there  was  no  restriction  as  to  the  time  of 
sieving,  or  ^  to  the  method  of  shaking  the  sieves.  In  the  second 
series  of  tests  50-gram  samples  of  coal  dusts  Nos.  4,  5  and  6  were 
prepared  in  tripHcate  by  sub-dividers  Nos.  1;  2,  and  8.  Each 
laboratory  agreed  to  use  a  sieve-shaking  machine  and  to  adopt  the 
following  method  of  sieving.  The  sample  of  50  grams  weight  was 
first  sieved  for  a  preliminary  period  ol  five  minutes  on  the  200-mesh 
sieve  to  remove  the  greater  portion  of  the  fine  dust.  This  sieve  was 
then  brushed  to  remove  adherent  dust  and  the  residue  placed  on  the 
nest  of  sieves  72,  100,  150  and  200  mesh,  in  this  order.  The  nest 
of  sieves  was  vibrated  for  a  period  of  10  minutes,  when  each  sieve 
was  brushed,  the  residue  replaced,  and  sieving  continued  for  another 
period  of  10  minutes.  The  residues  on  each  sieve  were  then  weighed. 
the  percentage  passing  200-mesh  being  obtained  by  difference  from 
the  sample  weight. 

A  slight  loss  in  weight  during  sieving  is  inevitable  and  this  i|f- 
assumed  to  consist  of  fine  dust,  but  the  loss  should  not  exceed 
0.5  pet  cent  of  the  weight  of  the  sample. 

Th€l  third  series  of  tests  was  made  by  sieving  eight  50-gram 
samples  of  pulverized  coal  on  the  same  sieves  and  using  the  method 
described  above.  The  test  was  repeated  with  several  operators 
aiid  different  makes  of  sieving  machine  and  hand  shaking  was  used 
for  one  set  of  tests.  Table  VII  gives  the  standard  deviation  of  the 
aperture  errors  expressed  as  a  percentage  of  the  nominal  sieve » 
apertikre  for  each  set  of  experiments  described  above.  The  efficacy 
of  the  three  different  sub-dividers  was  substantially  equal,  although 
No.  1  gave  slightly  more  uniform  results. 
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Table  VII 

Standard  Deviations  of  Afkbtubb  Ebbobs  Expbjcssed  as 
Pebcbntaoe  of  Nominal  Sieve  Apebtube 


Test 

Sub' 

Divider 

No, 

Sample 
No. 

Si 

'\eve  Mesh   " 

Avet- 
agtfor 

Simms 

OCfTOo 

52 

72 

100 

150 

200 

Jst  Series 

2 

1  (coarse^ 

3-93 

7-26 

8-22 

606 

12*23 

8*44» 

2 

2  (med.) 

8-54 

7-96 

616 

12*90 

8*89 

2 

3  (fine) 

6-64 

7-70 

7-31 

8-68 

7-58 

m 

2 

1,2  and  3 

3-93 

7-48 

7-96 

6-61 

11-27 

8-30* 

2nd  Series 

1 

4  (coarae) 

2-92 

313 

4-15 

2*88 

303 

3S0» 

• 

1 

5  (med.) 

4*62 

4-51 

3-22 

2-80 

8-79 

1 

6  (fine) 

5.00 

2-65 

1:91 

3*19 

1 

4, 5  and  6 

2-92 

3-87 

4-65 

2-92 

2-58 

3-48* 

2 

4  (coarse) 

3-22 

4-26 

5-26 

6-24 

3-95 

4-W* 

2 

5  (med.) 

— 

4-55 

4-47 

2-88 

1-28 

3*30 

2 

6  (fine) 

— 

5-33 

2-47 

1-23 

3*01 

» 

2 

4,  5  and  6 

3-22 

4*40 

502 

3-86 

215 

3*86» 

3 

4  (coarse) 

203 

2-76 

4-93 

3-36 

3*95 

375* 

3 

5  (med.) 

« 

6-60 

4-31 

2-61 

3*01 

3*88 

3 

6  (fine) 

— 

5-20 

2-77 

2*74 

3*57 

• 

3 

4,  6  and  6 

203 

417 

4*81 

2*91 

3*23 

S-78* 

l,2and3 

4,6and6 

2-72 

4- 15 

4-79 

3-23 

2-65 

3-71* 

3rd  Series 

1 

8  (med.) 

0-44 

0-46 

0-6S 

(H^* 

(Machine 
sieving) 

3 
3 

9  (fine) 
10  (fine) 

1-20 
0-76 

0-62 
0-72 

0-50 
0-63 

0*56 
0*63 

<H56t 
0*66t 

3 

11  (fine) 

1-40 

0-36 

0-35 

0*42 

0-38t 

• 
3 

12  (fine) 

1-30 

0-79 

• 

0-90 

102 

0*90t 

3 

13  (fine) 

1-70 

0-40 

0-78 

0*65 

0*61t 

(Hand 
sieving) 

8  to  13 

0-44 

1-27 

0-56 

0-63 

0*65 

o^in 

3 

15  (fine) 

0-40 

0-38 

0-66 

1*37 

0*80t 

^Excludes  62-me8h  results,  as  only  one  sample  tested  on  this  mesh. 
tE:rcJudes  72-meBh  results,  as  residues  were  very  small. 
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The  average  results  for  all  samples,  sab-dividers  and  sieves  are 
smomarised  in  Table  VIII. 

TABLE  VIII 

SUBfMARY   OF  COMPABATPTE   SlEVINO   TbSTS 


• 

Ttat  Conditions 

Standard   Demaiion   of 

Aperture  Errors  ae  Per* 

cottage      of     Nominal 

Sieve  Aperture 

l0t  SeiieB : 

Different  sieves,  different  methods... 

8-30 

Sod  Series : 

Different  sieves,  same  method    

3-71 

3rd  Series : 

Same  sieves,  same  method  : 

(a)    Machine  sieving 

0-61 

(6)    Hand  sieving 

0-80 

The  figures  in  Table  VIII  show  that  if  machine  sieving  on  the 
same  sieves  and  by  the  same  method  is  taken  as  a  standard  of 
reference,  then  the  probable  errors  are  increased  about  6  times  when 
different  sieves  are  used  but  the  same  method  of  sieving  is  em- 
ployed, and  about  14  times  when  tf^e  method  of  sieving  is  not 
controlled.  Thus  the  discrepancies  between  analyses  made  in 
different  laboratories  could  be  halved  if  a  standard  method  of 
sieving  were  adopted.  Aperture  errors  determined  in  the  manner 
dcBcribed  above  enabled  sieving  analyses  made  in  different  labora- 
tories to  be  correlated  with  a  high  degree  of  precision.  This  section 
of  the  research  was  conducted  by  the  British  Coal  Utilisation 
Research  Association  with  the  assistance  of  a  number  of  co-operating 
laboratories,  and  is  published  by  permission  of  the  Director. 

Conclusions 

The  preceding  sections  of  the  paper  have  shown  that  the  process 
of  sieving  is  of  a  statistical  nature  and  that  the  '  end  point '  of  a 
sieving  analysis  can  only  be  defined  by  the  adoption  of  a  convention 
— such  as  a  specified  time  or  rate  of  sieving.  The  greatest  practical 
accuracy  in  the  weaving  of  sieve  cloth  will  have  been  attained  with 
the  revised  British-S^^ndard  for  *  special '  test  sieves  in  operation 
and  further  improvements  in  the  technique  of  sieving  can  only  be 
effected  by  standardization  of  the  method  of  conducting  the  test. 
The  comparative  sieving  tests  described  in  the  paper  have  shown 
that  the  probable  error  of  a  sieving  analysis  may  be  halved  by  the 
adoption  of  a  standard  method  of  sieving.  It  is  olear,bo\v^N«t,  V>ci%X. 
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one  standard  method  cannot  be  applied  to  all  materials  ;  proviaion 
must  be  made  for  dry  and  wet  sieving,  and  probably  the  screening 
of  coarse  material  will  need  a  different  method  of  treatment  than 
the  sieving  of  finely-ground  powders. 

The  writer  considers « that  it  would  not  be  unduly  difficult  to 
devise  alternative  specifications,  with  a  guide  to  their  applicability, 
which  would  enable  a  standardized  method  to  be  appUed  to  sieving 
analyses  of  the  majority  of  powdered  materials  used  in  industry. 
The  first  stage  in  any  such  standardization  would  be  to  collate 
data  on  sieving  methods  from  all  scientific  and  industrial  research 


> 


4/» 

< 


< 
z 
u 


ISO  200  250  ,  3C0 

NOMINAL    SIEVE  APERTURE    IN  MICRONS 

Fig.  6. — Determination  of  sieve  aperture  errors, 
associations  that  are  concerned  with  powdered  materials,  and  it  is 
to  be  hoped  that  in  the  near  future  this  will  be  put  into  operation 
by  some  official  organization. 

Appendix  I 
The  procedure  used  to  calculate  the  starfltrd  deviation  of  the 
aperture  errors  is  illustrated  by  the  following  examples.  Table  IX 
shows  for  a  particular  sample  the  percentage  passing  the  various 
sieves,  both  the  average  of  the  analyses  from  the  seven  laboratories 
and  the  results  obtained  at  a  particular  laboratory  *  X  *.  The 
averaged  results  are  plotted  against  the  nominal  apertures  of  the 
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flievee  as  in  Fig.  6,  the  curve  being  drawn  through  the  intersection 
points  of  the  unbroken  Unes.  Horizontal  dotted  lines  are  drawn  on 
the  same  diagram  through  the  percentages  passing  the  sieves  as 
determined  at  laboratory  '  X\  and  assuming  that  the  sample  is  the 
same  (or  alternatively  including  sampling  errors  with  sieving  errors), 
then  the  effective  apertures  of  the  sieves  used  at  laboratory  *  X  ' 
are  defined  by  the  intersection  of  these  horizontal  dotted  hues  and 
the  curve.  The  difference  between  the  vertical  unbroken  and 
dotted  hues  is  thus  the  aperture  error,  marked  E  on  the  figure — 
e.ij;.,  for  100-mesh  sieve  this  is  +9.5  microns.  The  effective  apertures 
and  the  aperture  errors  for  the  sieves  at  laboratory  *  X  '  are  also 
jnven  in  Table  IX. 

Tablk  IX 
SiE\'iNG  Analyses  and  Aperture  Errors 


Sieve 
Mesh 
B.S. 

Nominal 
Aperture, 
Microns 

Per  Cent 

Pctssing 

Sieve  ; 

Average  oj 
Analyses 
at  Seven 

Laboratories 

Results  at  Laboratory  "  X  ' 

Percent 

Passing 

Sieve 

Effective 
Aperture, 
Microns 

Apertttre 

Error, 

Microns 

52 

72 

100 

150 

200 

295 
211 
152 
104 
76 

76-9 
60-8 
491 
36-6 
27*2 

740 
600 
511 
360 
28-5 

280 
207 
161-5 
102 

80 

--15 

—  4 
-h  9-5 

—  2 

4-   4 

Table  X 

Sieve  Aperture  Errors  in  Microns  for  Varyixo  Fineness  of 

Coal  Dust 


Sub- 
Sample           Divider 

Sieve  Mesh,  B,S. 

No. 

No. 

72 

100 

150 

200 

4  (Coarse) 

1 

—  6-5 

j_   2 

-^   60 

4-   40 

2 

—  7-5 

4-  6 

-\-  10-5 

4-  50 

3 

~   6 

-^   3-5 

+   60 

H-    1-5 

5  (Medium) 

1 

—   6 

-r    4 

-f-   5-7 

+    1-8 

2 

-  -  4-0 

4-  6 

+  r)-2 

f   20 

3 

7 

-*-    2 

+   4-9 

'4-  0-6 

6  (Fine) 

1 

Hesidii 

es  too 

+   5-6 

4-    1-5 

. 

2 

sm 

all 

+   4-3 

-f    10 

3 

^   3-9 

-f   5-0 

4-   20 

Mean  error,  microns. : . 

6-2 

4-   5-9 

+   21 

As  percentage  of  nom- 

inal apertiiro    

21 

-\-   2-6 

4-   rrl 

-h   2-8 
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The  figures  in  Table  X  show  the  apertnre  errors  as  determined  at 
laboratory  *  Y  *  for  the  three  grades  of  coal  dust.  The  agreement 
for  a  particular  sieve-  is  reasonably  good,  considering  the  statistical 
nature  of  the  processes  of  sampling  and  sieving. 

The  aperture  errors  for  a  particular  sieve  mesh  were  determined  as^ 
already  described  for  each  laboratory  and  the  standard  deviation 
calculated  as  shown  below  by  the  following  example  for  100-mesh 
sieve  (Table  XI). 

Table    XI 


Aperture  Error,  E, 

in  Microns 

E* 

—  8 

640 

—  0-6 

0-2 

—11-6 

132-2 

14-5 

2101 

+  10 

1000 

-hl8-5 

342-2 

-f   9-5 

90-3 

Total  of  E«,  (E2«) 9390 


The  standard  deviation  is  defined  as  \/i7E*/(n-l),(^)  where  n  is  the- 
number  of  observations,  and  applied  to  this  example  the  standard 
deviation  is  12.5  microns,  which  is  8.22  per  cent  of  the  nominal 
sieve  aperture.  The  figure  thus  determined  forms  one  of  the  resulti^i 
given  in  Table  VII  (ton  line,  100  mesh),  and  the  other  figures  were 
calculated  in  a  similar  manner.  Hence  the  final  averages  represent 
a  very  large  number  of  individual  tests. 
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A  0omi)ari8on  of  Methods  of  Measuring  Microscopical 

Particles. 

By  Harold  Hbywood,  Ph.D.,  M.Sc,  A.C.G.I.,  M.I.Mech.E.* 

The  ineasureineiit  of  irregularly-shaped  particles  by  means  of 
the  microscope  is  not  an  easy  process,  nor  is  it  likely  to  be  accurate 
if  there  is  an  extensive  size  range,  unless  a  very  large  number  of 
measurements  is  made.  The  present  tendency  is  to  use  one  of  the 
various  sedimentation  procedures  for  determining  the  size  distribu- 
tion of  sub-sieve  particles,  but  there  are  certain  circumstances  in 
which  only  microscopic  measurement  can  be  applied.  Such  cases 
occur  either  because  of  some  pecuhar  characteristic  of  the  particles 
which  prohibits  satisfactory  dispersion  in  a  liquid,  or  because  only 
a  minute  sample  of  the  dust  is  available.  For  the  latter  reason 
measurements  of  atmospheric  or  industrial  dusts  extracted  from 
the  air  bv  means  of  a  suitable  collector-  often  have  to  be  made 
directly  by  means  of  the  microscope.  On  the  contrary,  samples 
consisting  of  f^raded  particles — i.e.,  with  a  restricted  size-range — 
mav  be  measured  comparativelv  easilv  and  accurately  by  means  of 
the  microscope. 

The  particle  size  distribution  of  microscopical  dust  particles  is 
frequently  determined  by  means  of  the  Patterson-Cawood  graticule, 
placed  in  the  eyepiece  of  the  microscope,  and  consisting  of  a  series 
of  circles  of  various  diameters  with  which  the  particles  observed 
are  compared  in  size  (*)t.  In  the  original  arrangement  of  this 
graticule,  shown  in  Fig.  1,  there  are  two  series  of  circles,  respectively 
opaque  and  transparent,  and  presumably  designed  for  comparison 
with  particles  of  similar  appearance.  Th(^  graticule  system  of 
measurement  has  l)een  extensively  studied  bv  (i.  J..  Fairs  {^),  and 
certain   modifications   were   proposed   in   tbe  arrangement   of  the 

•AsftiBtant  Professor  and  R(?ader,  Depart inont  of  Metliaiiieal  KngiiKxriiig, 
Imperial  College  of  Science  and  Technology. 

t Figures  in  parcntlicrses  refer  to  references  given  at  the.  cud  ol  \\\e  \>a\^v.^T« 
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which  the  areas  had  been  determinod  by  planimeter  and  the 
corresponding  mean  projected  diameters  calculated.  The  mean 
proj(^cted  diameter  is  defined  as  the  diameter  of  the  circle  enclosing 
an  area  equal  to  that  of  the  profile  of  the  particle  when  viewed 
normally  to  the  position  of  greatest  stability. 

An  alternative  to  the  graticule  comparison  system  of  measure- 
ment is  to  adopt  a  sin);le  dimension  which  statistically  represents 
the  profile  size — i.e.,  although  the  error  of  an  individual  measure- 
m<*nt  may  be  large,  the  average  of  a  inimber  of  measurements  will 
be  truly  r(»presentative.  A  definition  of  statistical  diameter  by 
Martin  (^)  is  the  length  of  a  hne  intercepted  by  the  profile  boundary 
which  approximately  bisects  the  area  of  the  profile  and  which  is 
drawn  in  a  random  direction  maintained  constant  for  all  the  profile 
measurements.  H.  Green  (*)  adopted  a  similar  method,  measuring 
the  horizontal  intercept  through  the  centre  of  the  particle  images, 
which  had   been   photographed  and   projected  on  a.  8cre(»n.     A 


M     martin's    STATISTICAL     DIAMETER 

F      FERET'S     STATISTICAL     DIAMETER 
Fio.  3. — Definitions  of  statistical  diameters. 

•  different    statistical    diameter   has    l)«*oii   defined   by   Feret  C)    as 
follows  : — 

The  most  suitable  measure  is  the  mean,  for  a  Huffieient  number  of  particles 
of  about  the  same  size,  of  the  distance  between  two  tangents  on  opposite 
sides  of  the  apparent  outline  of  the  particle,  parallel  to  an  arbitrary  fixed 
direction  and  irrespective  of  the  orientation  of  oa<'h  particle  with  respect  to 
this  direction. 

These  definitions  of  statistical  diameters  are  illustrated  in  Fig.  3, 
the  lin(»  XX  being  the  nmdom  direction  of  measurement.  This 
diagram  shows  that  although  the  statistical  diameter  of  an  indivi- 
dual particle  of  elongated  shape  may  <lepart  considerably  from  the 
mean  proje^cted  diameter  in  either  a  po^itive  or  negative  direction, 
the  average  of  a  large  number  of  measurements  should  approximate 
to  the  mean  projected  diameter.  It  is  also  ai)parent  that  although 
the  upper  and  lower  limiting  values  of  tlie  statistical  diameter  for 
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a  ^iven  particle  are  approximately  the  same  for  both  systems  of 
measurement,  the  Feret  diameter  is  the  ^eater  for  intermediate 
positions  of  the  particle  with  respect  to  the  reference  line.*  The 
statistical  diameters  of  all  the  sandstone  profiles  were  measured 
and  the  results  are  compared  later  with  the  other  systems  of 
measurement. 

Table  I  gives  the  results  of  profile  comparisons  for  each  observer, 
arranged  in  order  of  increasing  mean  values.  Only  two  observers 
estimated  below  the  correct  average,  using  the  opaque  circles,  the 
'remainder  over-estimating  to  an  increasing  degree.  The  results 
with  transparent  circles  are  also  an^anged  in  order  of  increasing 
mean  values,  the  individual  observers  retaining  the  same  reference 
number  as  in  the  first  part  of  the  Table.  The  results  with  open 
circles  transposed  over  the  profiles  are  clearly  more  accurate, 
though  longer  time  is  required  for  the  comparison.  Although  the 
order  of  accuracy  of  the  observers  differs  in  the  two  sets  of  measure- 
ments, in  general  the  same  observers  attained  the  highest  degree  of 
accuracv  in  both  cases.  The  last  three  cohnuns  in  Table  I  show  the 
number  of  correct  estimates  and  of  those  over  and  under-estimated ; 
it  is  important  to  consider  these  in  conjunction  vnih  the  mean 
values,  since  a  number  of  over  and  under-estimates  in  equal 
proportions  would  still  give  a  correct  mean  value. 

In  order  to  analyse  the  effect  of  particle  shape  the  profiles  were 
sub-divided  into  groups  with  restricted  limits  of  the  ratio  of 
length  to  breadth,  this  factor  being  termed  the  elongation  ratio — 
symbol  n.  The  limiting  values  of  the  elongation  ratio  for  the  five 
groups  thus  formed  are  stated  in  Table  II,  which  gives  a  summary 
of  the  observations.  This  Table  shows  for  each  elongation  group 
the  number  of  profiles  corresponding  to  each  circle  number  averaged 
from  the  ten  sets  of  observations ;  also  the  calculated  mean  diameters 
and  the  number  of  correctly,  over,  and  under-estimated  profiles. 
The  meaured  mean  projected  diameters  and  the  statistical  measure- 
ments are  also  recorded  in  this  Table.  The  data  is  sunnuarised  in  a 
form  crmvenient  for  comparison  in  Table  III.  which  shows  the 
number  of  correctly,  over,  S-nd  under-estimated  profiles  on  a 
percentage  basis,  and  the  mean  diameters  as  determined  by  graticule 
comparison,  by  measurement  of  profile  area  and  by  statistical 
measurement.     This  Table  also  sliows  the  perctMitage  error  based 

♦With  due  respect  to  the  originatot'S  of  tlie  \'arioiirt  mean  diamot>ers  the 
author  considers  that  it  would  be  more  satisfaetorA'  to  designate  these  hy 
a  descriptive  name.  Thus  the  diameter  refc^rred  to  in  the  paper  as  Martinis 
statistical  diameter  could  be  termed  the  *  statistical  intercept  diameter  \ 
and  Feret 's  statistical  diameter  could  he  tonnod  the  '  statistical  tangential 
diameter  '. 
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on  the  mt-an  projected  cUainfter  for  each  elongfttioii  group  and  for 
the  total  number  of  pnifiles. 

Table  III 

SlMMAHY    or    MKAHI 


«„£s:l„w 

MID 
1-20 

1-40 

l'4l 
1-70 

171 
to 
■2-00 

201 
to 
2-75 

AU 
Pro. 
JUe, 

opaque  cirflc  conipiiri«oTin,  per 
cent  : 

Convct 

4e-s 

41-3 

S4a 

35-.> 

42-0 

:l9-9  . 

Over-mtimatF(l    

470 

5!-0 

S8-8 

33-11 

48-0 

S*-T 

5-0 

6-8 

a-7 

n-n 

10-0 

TraiiHpaii-iil  circtu  cQiii[inriKniiH, 
percent; 

Over-eatimatiHl    

147 

14-2 

26-7 

23-S 

46-0 

31-4 

.V6 

4-a 

I-r. 

3-11 

4-U 

Mean  sizes  in  cm.  : 

3-G.ir. 

3-841 

4-lliI 

4-404 

4-720 

4-014 

34(16 

3-640 

3-850 

4- 180 

4-640 

a-79fi 

3442 

3-594 

3-800 

3-960 

4-060 

3-700 

Feret'sBtatislienl  diameter... 

3-783 

3-»fll 

4-370 

4-810 

5-450 

4-26t 

Krror  of  the  iQeaiu>  relative  to 
eiprBHBnl  ae  per  cent  ; 

Opaque  i-ircle  comparrnonH. . , 

+  5-r. 

+  .-i-r. 

-L    60 

+   .V4 

4-   40 

+   5-T 

Transparent  cirrin  coinpari- 

+    M 

J-    10 

+   2-7 

+   2-0 

+  40 

+    !■» 

Btartiii'H  stAliMieal  diamet<?r 

—  07 

-  12 

-   1-3 

—  .-i-s 

-10-6 

—  2-5- 

■■'rret's  HtfltiHl.ii-al  diaiiiftcr... 

+   i»-J'4-   8-8 

-i-n-5 

4-15.1 

+  20-0 

+  12-3 

OF  MBASURISG   MICHOSCOPICAL  PiBTiCLES. 


Couaideriiig  the  results  i>f  coitiparisoiis  with  opaque  circles,  there 
doea  not  appear  to  be  any  stguiticant  variation  i>f  tho  error  accordiug 
t«  elongation ;  indeed,  thu  results  for  the  last  groupii  are  more 
accurate  than  the  mean  for  all  the  profiles.  This  may,  howev«r,  be 
accidental,  owing  to  the  suiall  number  of  obBervntions  in  this  group. 
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major  axle  than  to  the  minor  axis,  and  proport innately  spaced  at 
intermediate  positions. 

An  arranf^ement  of  radii  spaced  in  this  manner  is  shown  by  the- 
ri^ht-hand  side  of  Fig.  5,  and  the  calculated  values  in  the  final 
column  of  Table  IV  show  that  the  average  giv^s  the  correct  mean 
radius  of  tlir  eUipae.  In  practice  it  #ouId  be  impossible  to  arrange 
such  a  system  of  spacing,  nor  is  it  practical  to  calculate  the  root 
mean  square  value  of  the  observations ;  indeed  it  would  be  in- 
correct to  apply  this  method  to  any  except  a  system  of  identical 
profiles. 


Fic.  a.^Mnan  radiiw  of  an  ollipse. 

(Left-hand  fiile,  uniform  angular  spacing.     Right-henit  xide,  Rpacing  closer 

adjacent  to  semi-major  axis-) 

The  following  equations  have  been  deduced  for  the  values  of 
Martin's  and  Feret's  statistical  diameters,  in  terms  of  the  breadth  or 
minor  axis  of  the  ellip^^f .  H,  and  the  ratio  of  longth  to  breadth,  or 
elongation  n. 

Martin's  statistical  diameter  =: 

feret's  statistical  diameter^ 


— )  coa'a  - 


Eg.  I 
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In  Equation  (1)  6  is  the  angle  between  the  random  line  of 
intersection  and  the  major  axis  of  the  ellipse  ;  in  Equation  (2), 
6  is  the  angle  between  the  perpendicular  joining  the  tangents  to 
the  profile  and  the  major  axis  of  the  eUipse.  The  integration  of 
Uiese  equations  between  the  Hmits  0  and  n-/2  is  divided  by  ir/2  to 
obtain  the  mean  values  of  the  respective  statistical  diameters. 
Integration  of  these  expressions  involves  elliptic  functions,  but  a 
solution  may  be  obtained  by  expanding  the  expressions  into  a 
series  of  converging  terms.  The  mean  projected  diameter  of  an 
elhpse  is  equal  to  Vn  times  B  and  the  figures  in  Table  V  show  the 
calculated  errors  of  the  statistical  diameters  for  ellipses  having  a 
ratio  of  length  to  breadth  up  to  10. 

Table  V 
Errors  of  Statistical  Diameters  for  Eixipses 


Value  of  n 

hrror  of  Statistical  Diameter  as  Percentm/e 
of  Mean  Projected  Diameter 

Martin 

Ferei 

1 

• 
2 

3 

4 

10 

0 
101 

—  2-83 
704 

—10-8 

-  25-7 

0 
+     3-10 
+     9-83 
-f   22-8 
-f   36-5 
-f  104r> 

Thus  it  is  shown  that  the  errors  of  Martin's  statistical  diameter 
are  negligible  for  normal  mineral  particles,  for  which  n  has  an 
average  value  of  about  1.6  and  rarelj-  exceeds  2.5,  but  the  error  of 
Feret's  diameter  is  much  greater.  Neither  of  these  statistical 
diameters  is  suitable  for  use  with  greatly  elongated  or  acicular 
particles,  which  are  probably  best  measured  in  terms  of  the  breadth 
or  length. 

Summary  and  Conclusions 

The  Patterson-Cawood  or  other  graticule  systems  of  particlc- 
size  measurement  and  the  use  of  Martin's  statistical  diameter  ^ive 
results  that  are  within  the  general  limits  of  practical  accuracy. 
Martin's  statistical  diameter  is  approximately  one  per  ct'ut  h^U>\Ni 
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Application  of  Sizing  Analysis  to  Mill  Practice. 

By  H.  Heywood,  Ph.D.,  M.Sc,  A.C.G.I.,  M.I.  Mech.  E.,* 

and  E.  J.  Pryor,  Member. 

Introduction 

For  the  purpose  of  control  in  mineral  dressing  particle  size  of 
ground  material  is  commonly  reported,  or  considered,  in  terms  of  a 
limiting  and  a  retaining  percentage — such  as,  6  per  cent  +  65  mesh, 
80  per  cent — 200  mesh.  This  provides  a  simple  working  instruction 
in  connection  with  the  setting  of  the  classifiers  used  in  the  closed 
circuit  of  a  wet-grinding  ball-mill.  It  must,  however,  be  recog- 
nized as  merely  an  extreme  simplification  in  terms  of  operational 
control,  which  serves  as  a  rough  indicator  only.  In  the  great 
majority  of  modem  mills  froth  flotation  plays  an  important  part 
and  this  entails  physical  and  chemical  control  of  the  solid  surfaces 
and  volumes  present  in  the  mill  pulp.  This  is  one  important  reason 
why  the  trend  in  current  practice  is  toward  a  greater  precision  in 
the  definition  of  particle  sizes  and  the  investigation  of  their  distri- 
bution far  below  *  meshes  *  which  can  be  arrested  on  even  the 
finest  screens.  The  term  *  mesh ',  even  when  the  screening  system  in 
use  is  specified  and  a  consistent  method  of  screening  is  carefully 
apphed,  has  certain  shortcomings.  Used  without  qualification  it 
gives  the  controlling  technician  too  little  information  concerning 
the  shape  of  the  particles  undergoing  treatment  and,  therefore, 
inadequate  information  with  regard  to  the  total  surface  area  of  a 
given  weight  of  sohds.  Whether  the  concentrating  plant  employs 
gravity  separation,  flotation,  or  a  chemical  method  the  surface 
exposed  is  of  considerable  technical  importance. 

WTien  screening  is  used  in  the  circuit  physical  constraint  is 
applied  to  the  feed  under  *  stop-go  '  gauging  conditions  determined 

*AB8istant  Professor  and  Reader,  Department  of  Meohaniccd  Engineering, 
Imperial  College  of  Science  and  Technology. 
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by  the  geometrical  shape  and  area  of  the  retaining  apertures  and 
by  the  manner  in  which  the  crimped  boundaries  of  these  apertures 
react  toward  the  material  presented  to  them.  In  this  reaction  the 
shape  of  the  particle  is  also  one  of  the  factors  determining  screen 
efficiency.  A  commercial  screen  handling  heavy  tonnage  usually 
slopes  downward  and  arrangements  should  be  made  to  distribute 
the  incoming  feed  over  the  width  of  the  screen  at  its  head  end. 
After  this  each  particle  has  a  series  of  opportunities  to  present  its 
minimum  cross-section  normally  to  rectangular  openings  bounded 
by  vibrating  wires  curved  more  or  less  severely  in  the  vertical 
plane.  A  particle  tends  to  shde  on  its  broadest  area,  rather  than 
to  present  its  minimum  cross-section  to  the  mes&  opening.  The 
crimp  of  the  wires  and  the  apphed  vibratory  movement  of  the 
screen-cloth  both  upset  this  attempt  to  travel  in  the  most-stable 
position,  but  are  hindered  by  two  other  factors  which  miHtate 
against  good  screening — that  is,  stratification  of  the  feed  and 
departure  in  particle-shape  from  cubic  toward  either  the  acicular 
or  tabular.  The  nearer  the  cross-sectional  area  of  a  particle 
approaches  to  that  of  a  screen  opening  the  more  markedly  does 
divergence  of  its  shape  from  spherical  or  cubic  reduce  screening 
efficiency. 

Laboratory  screening  is  performed  in  a  manner  which  is  by  no 
means  reproduced  in  the  mill  and  it  is  important  to  appreciate 
the  differences.  Commercial  screens  must  withstand  rough  usage 
and  must  handle  run-of-mine  tonnages.  Laboratory  screening  is 
solely  concerned  to  obtain  accurate  information  simply  and  ex- 
peditiously. It  is  used  to  test  and  control  fluid  suspensions  from 
the  wet-grinding  plant  more  often  than  to  deal  with  the  conditions 
in  the  dry-crushing  plant.  This  paper  is  concerned  with  labora- 
tory screening  and  the  position  revealed  by  sizing  analysis.  The 
authors  have  collected  in  Table  I  (Plate  I)  some  fundamental  data 
relating  to  these  matters.  Its  columns  can  be  used  to  aid  the 
interpretation  of  control  tests  and  to  facilitate  comparison  between 
the  principal  screening  systems  in  laboratory  use  today.  In  order 
to  save  space,  and  for  convenience  of  reference,  an  explanation  of  the 
numbered  oolunms  in  Table  I  has  been  set  out  in  Table  II  (Plate 
I  also). 

Average  Particle  Shape 

Surface  areas  of  crushed  mineral  particles  are  usually  calculated 
from  an  assumed  shape — e.g.,  that  the  particles  concerned  are 
cubes  or  spheres — although  such  assumptions  are  clearly  far  re- 
moved from   ordinary   working  conditions.     The   question   theu 
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arises  whether  or  not  an  average  particle  shape  exists.  Observation 
of  any  graded  fraction  of  crushed  mineral  particles  shows  a  great 
variety  of  shapes,  ranging  from  elongated  particles  to  thin  flakes, 
with  a  proportion  of  approximately  equi-dimensional  grains.  When 
a  piece  of  rock  approximately  cubic  in  shape  is  fractured,  a  pro- 
portion of  the  resulting  fragments  will  probably  be  elongated  or 
flaky.  When  such  shapes  are  further  broken  down  by  crushing  or 
grinding  there  is  a  tendency  for  the  newly-formed  particles  to 
revert  to  a  more  nearly  equi-dimensional  shape  and  thus  a  state  of 
equilibrium  is  gradually  attained  in  which  the  mean  particle  shape 
becomes  approximately  constant,  in  spite  of  great  individual 
variation.  As  a  result  of  many  shape  measurements  on  particles 
of  crushed  siliceous  rocks,  limestones,  etc.,  one  of  the  authors  has 
found  a  remarkable  agreement  in  the  mean  shape  of  the  finely- 
crushed  material,  although  exceptional  minerals  with  marked 
cleavage — such  as,  mica  or  schistose  rock — have  a  characteristic 
shape  of  particle  which  differs  from  the -mean  for  other  rocks. 

It  is  therefore  permissible  to  assume  that  many  mineral  particles 
may  be  represented  by  a  mean  shape  and  although  an  error  will 
occur  in  some  cases  this  will  in  general  be  considerably  less  than  if 
the  particles  are  assumed  to  be  spherical  or  cubic.  The  proportions 
of  this  mean  particle  are  such  that  the  ratio  of  length  to  breadth  is 
from  1.2  to  1.5  and  the  ratio  of  breadth  to  thickness  is  1.6  to  1.8. 
The  shape  approximates  to  a  trjincated  tetrahedron,  and  the 
surface  in  sq.  cms.  per  gram  at  unity  specific  gravity  is  82/ A,  where 
A  is  the  aperture  in  mm.  of  the  sieve  through  which  the  particle  will 
just  pass.  The  figures  in  columns  11  and  15  in  Table  I  have  been 
calculated  using  this  relationship. 

The  photographs  in  Fig.  1  demonstrate  that  the  impression  ftf* 
shape  obtained  by  microscopical  observation  of  particles  lying  in 
the  most  stable  position  may  be  misleading.  This  figure  shows  plan 
and  elevation  views  of  particles  produced  by  the  compression  to 
fracture  of  cubical  blocks  of  shale,  the  upper  set  of  profiles  being  of 
particles  produced  by  compressing  the  cube  in  a  direction  parallel 
to  the  bedding  plane,  and  the  lower  set  by  compression  perpendicu- 
lar to  the  bedding  plane.  These  profiles  clearly  illustrate  that  the 
plan  view  of  a  particle  is  no  guide  to  its  thickness,  and  that  the 
breaking  of  stratified  rocks  is  influenced  by  the  direction  of  the 
crushing  forces. 

Surface  and  Energy 

Column  16  of  Table  I  shows  the  surface  area  per  gram  of  material 
expressed  relatively  to  the  value  for  the  160  to  200-meBh  ftcte^w^^ 
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fraction.  On  the  assomption  that  Bittinger's  Law  holds,  these 
figures  represent  the  relative  amounts  of  energy  required  for  the 
production  of  any  size  of  particle.  Actual  power  consumption 
always  exceeds  this  considerably,  the  losses  being  in  : — 

(a)   Heat  used  in  warming  the  circulating  system. 

(h)   Mechanical  loss  in  the  machinery. 

(c)  The  overgrinding  inevitable  when  bringing  most  or  all  of 
the  product  to  a  given  maximum  mesh. 

(d)  Unrecorded  development  of  surface  by  internal  oraoks, 
compaction  into  aggregates,  and  adhesion. 

Table  I  presents  the  facts  in  a  manner  which  may  be  used  for 
immediate  mill  calculations.  Although  they  state  nothing  new, 
they  focus  attention  on  the  specific  results  of  power  application  in 
the  production  of  fresh  surface  and  show  clearly  what  proportion 
of  that  power  has  been  usefully  expended  and  what  has  been 

ELEV.       _ 
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SHALE     PARTICLES. 

Fio.  1. — Profiles  of  shale  particles. 

Upper  series  produced  by  compression  paraUel  to  bedding  plane. 
Lower  series  produced  by  compression  perpendicular  to  bedding  plane. 

wasted  in  unwanted,  though  today  unavoidable,  overgrinding.  In 
Table  III  some  sizing  analyses  have  been  computed  in  terms  of 
percentage  surface  represented  by  each  screen  fraction.  They 
show  what  percentage  of  the  grinding  effort  has  been  applied  to 
the  correct  end-point,  and  what  percentage  has  for  all  practical 
purposes  been  wasted,  It  is  frequently  observed  that  the  ball-mill 
works  wath  a  very  low  efficiency.  The  authors  consider  that  a 
correct  approach  to  the  problem  of  efficient  wet-grinding  must  take 
into  account  the  whole  new  surface  developed,  and  that  the  re- 
cording of  percentage  weight  in  the  screenable  fractions  is  no  longer 
adequate.  The  major  part  of  the  grinding  effort  is  wasted,  and  will 
continue  to  be  wasted  until  we  are  awake  to  the  grinding  losses 
made  in  the  sub-sieve  sizes. 
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Table  III 
DnTBZBunoM  ov  Wbioht  and  Subfaob  in  Qround  Silica 


Medium  Orade 

Fine  Orade 

Size 

Per  ceni 
Weight  in 
Undereize 

Per  oerU 

Surface  tn 

Uriiereize 

Per  cent 
Weight  in 
Undereize 

Per  cent 
Surface  in 
Undersize 

lOO-meel 
160    „ 
200    „ 
240    „ 
300    „ 

40niicr 

30 

20 

10 

5 
2 

1 

0-5 

0-2 

O-l 
0-06       , 

iB.8 

»»  • 

•♦  • 

»»  • 

»•  •••••• 

on8    

• 

97-8 

900 

75-5 

60-2 

60-3 

490 

37-6 

24-8 

10-8 

4-3 

10 

0-25 

005 

99-8 
98-7 
95-6 
03-9 
910 
86-5 
80-3 
70-5 
52-8 
36-3 
18o 
8-9 
3-8 

99-9 

99-7 

99-4 
94-4 
87- 1 
74-5 
50-2 

32-3 

• 

16-0 
9-1 
4-9 
1-7 
U-6 

0- 1  r> 

1000 

1000 

1000 
99-8 
99-3 
98-2 
94-8 
89-8 
79-8 
70- 1 
58-2 
38-9 
23-4 
10-6 

Note, — ^Percentage  weight  of  undersize  measured  down  to  2  microns  size  ; 
Bubsequent  percentages  obtcuned  by  extrapolation  of  curve. 

Many  improvements  have  been  made  in  grinding  technique 
(luring  the  past  few  years,  but  much  fundamental  research  is  still 
needed.  Ball-ratio,  the  closed  circuit,  control  of  classifier  and  mill 
density,  sizing  of  new  feed,  provision  of  spherical  balls  and  well- 
designed  liners,  speed  of  mill,  and  dweUing-time  in  the  mill — all 
these  are  efficiency-promoting  factors  now  imderstood  and  widely 
applied.  They  have  greatly  improved  grinding  efficiency,  but  they 
lack  the  hall-mark  of  the  fundamental  approach  to  the  study  of 
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grinding.  Though  they  enable  the  operator  to  increase  the  capacity 
of  his  mill  and  reduce  his  grinding  cost,  they  fail  to  answer  the 
question  of  the  physical  nature  of  disruption  of  a  particle  of  ore 
by  an  applied  grinding  force.  Until  this  question  is  solved,  it  is 
not  possible  to  know  to  what  extent  over-grinding  is  inevitable 
or  what  is  the  ideal  mode  of  application  of  grinding  force — questions 
which  profoundly  affect  grinding  economics. 

Losses  due  to  over-grinding  are  not  necessarily  confined  to  the 
mill.  Slimes  sent  to  the  concentrator  may  be  too  fine  to  con- 
centrate, settle,  or  filter ;  they  may  form  hydrophilic  coatings  on 
otherwise  floatable  heavy  sulphides  ;  their  first  cost  is  not  neces- 
sarily their  last  cost. 

Sizing  Methods 

One  criterion  of  experimental  work  is  its  reproducibiUty.  Screen- 
ing, followed  by  estimation  of  sizes  in  the  sub-sieve  fraction,  is  a 
specialized  process.    The  techniques  chiefly  used  are  : — 

Screening  Wet-and-Dry, — The  limitations  of  laboratory  screening 
arise  chiefly  in  regard  to  particle  shape  and  the  difficulty  met  with 
when  particles  are  nearly  of  retaining  mesh  size.  Since  screen  cloth 
is  woven  with  round  wires  near-mesh  particles  must  be  repeatedly 
presented  to  ensure  that  they  neither  rebound  nor  fail  to  drop  with 
their  true  mean  dimension  centrally  presented.  Too  long  a  screen- 
ing-time may  cause  some  degradation  and  so  an  arbitrary  time- 
limit  is  used.        *  • 

The  effects  of  flocculation,  electrostatic  aggregation,  adherence 
of  slime,  moisture,  or  dried-on  soluble  salts  are  minimized  by  wet- 
screening  with  a  suitable  dispersant  before  shaking  in  a  nest  of 
screens.  Methods  are  given  by  Work  (})*  and  hints  on  sieving  and 
size  analysis  by  Dasher (^.  A  suitable  quantity  of  sample  should 
bu  used.  For  close  work  no  fraction  at  completion  of  the  sieving 
run  should  be  of  such  a  weight  that  it  lies  more  than  one  to  two 
particles  deep  over  the  effective  sieve  area.  For  routine  control 
this  could  be  increased  to  as  much  as  four  particles  deep.  With 
some  mechanical  shaking  systems  the  whole  sieve  area  is  not  used, 
material  under  test  becoming  *  bunched '  in  accordance  with  the 
applied  harmonics.    Samples  should  be  adjusted  accordingly. 

The  figures  in  Col.  17  (Table  I)  give  the  approximate  weights  at 
which  materials  of  unit  specific  gravity  fully  cover  a  round  screen 
8  in.  in  diameter  one  particle  deep. 

Equivalent  Sieves, — Fine  particles  are  sometimes  designated  by 
reference  to  an  equivalent  sieve  mesh  even  though  such  a  sieve 
is  far  beyond  any  possibility  of  manufacture  and  its  existence  is 

♦Figtii-es  in  pareiithosos  refer  to  references  given  at  the  end  of  the  paper. 
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purely  iictitioQS.  There  are  objections  to  this  practice  and  it  would 
be  preferable  to  train  operators  to  think  in  terms  of  particle  dimen- 
sions in  microns,  but  in  eases  where  this  system  is  thought  to  have 
advantages  an  improvement  would  be  effected  by  a  recognized 
scheme  of  correlation. 

Considering  sieves  of  150-mesh  and  finer,  the  product  of  meshes 
])er  inch  and  aperture  in  microns  was  found  to  average  15,500  for 
B.S.  sieves  and  14,900  for  Tyler  sieves.  Table  IV  gives  the  aper- 
tures of  hypothetical  sieves  if  constructed  to  have  the  same  propor- 
tions as  the  two  sieve  series  named,  and  in  the  final  column  the 
suggested  equivalent  apertures  are  given. 

Table  IV 

lilQUlVALKNT  SlEVBS  AND  APSBTUBKS 


Apertures  in  Microns 

Hypothetical  Mesh 
per  Inch 

BJ3. 
Proportions 

TyUr 
Proportions 

Proposed 
Equivalmt 

500 

31 

30 

30 

600 

26 

25 

25 

800 

10-4 

18-6 

20 

1,000 

15-5 

14-9 

15 

1,500 

10*3 

9-9 

10 

2,000 

7-7 

7-4 

7-6 

2,500 

6-2 

60 

6 

3,000 

6-2 

5-0 

5 

4,000 

3-9 

3-7 

4 

5,000 

31 

30 

3 

1 

If  such  a  system  is  used  it  should  be  made  explicit  that  the 
meshes  quoted  are  hypothetical  and  only  equivalent,  otherwise 
non-technical  persons  may  be  misled  into  thinking  that  such 
sieves  actually  exist. 

SuB-siEVR  Particle  Size  and  Surface  Measurement 

While  the  importance  of  sub-sieve  particle  size  analysis  is  stressed 
it  is  not  within  the  scope  of  this  paper  io  describe  in  detail  the 
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many  experimental  prooedures  available.  All  methoda  of  sab-sieYe 
analysis  are  based  on  the  rate  of  fall  of  a  particle  in  a  fluid,  as 
deduced  from  the  well-known  Stokes  equation.  The  actual 
determination  of  the  relative  weights  of  the  various  sizes  may  be  by 
elutriation  with  water  or  air  or  by  the  rate  of  sedimentation  in 
water  or  some  other  more  suitable  liquid.  The  amount  of  settled 
or  unsettled  material  may  be  determined  gravimetrically,  using 
either  the  sedimentation  balance  or  the  Andreasen  pipette  method, 
but  photo-electric  methods  of  measuring  the  surface  area  of  par- 
ticles still  in  suspension  after  various  times  of  settlement  are 
increasingly  employed.  In  an  apparatus  of  this  type,  called  the 
turbidimeter  in  America,  a  narrow  beam  of  light  is  directed  through 
a  dilute  suspension  of  the  particles  in  a  liquid  and  then  caused  to 
impinge  upon  a  photo-electric  cell.  The  obstruction  offered  to  the 
light-beam  by  the  suspension  depends  on  the  amount  of  material 
present  at  the  level  of  the  light  beam  and  the  size  of  the  particles 
concerned.  From  a  series  of  readings  of  the  output  of  the  photo- 
electric cell  made  during  the  course  of  settlement  the  size  distribu- 
tion of  the  particles  cim  be  calculated^). 

The  specific  surface,  or  surface  area  per  unit  weight,  of  particles 
dispersed  in  a  liquid  can  also  be  calculated  directly  from  readings 
of  the  photo-electric  cell  if  the  length  of  the  light  path  through  the 
Huspension  and  the  weight  concentration  of  material  per  unit 
volume  of  suspension  are  known.  In  this  cas^  the  particles  are 
maintained  in  turbulent  suspension,  either  by  stirring  or  by  pump- 
ing a  How  of  suspension  round  a  circuit (^).  There  are  other  methods 
of  determining  specific  surface  directly — such  as,  by  rate  of  solu- 
tion(*)  (•),  by  adsorption  to  the  solid  surface  of  a  mono-molecular 
layer  of  gas^)  (•)  or  dye  (•),  or  by  measuring  the  permeability  to 
fluid  flow  of  a  bed  of  the  powdered  material(*®)  ("). 

Practical  Application 

In  the  mill's  laboratory  controls  are  needed  which  give  consis- 
tency of  production  from  day  to  day  as  the  short-term  goal.  A 
master  set  of  screens  should  be  kept  for  reference,  and  used  from 
time  to  time  to  check  those  in  regular  use  for  distortion,  wear,  and 
perforation  of  screen-cloth.  The  weakest  link  in  the  sampling 
chain  is  the  human  element  at  the  reduction  of  impartially-cut 
automatic  samples  to  laboratory  quantities.  Hand-work  should 
be  reduced  to  a  minimum,  made  easy,  and  checked  periodically. 
Otherwise  the  person  responsible  for  it  may  take  short  cuts  which 
invalidate  accuracy.  The  sizing  analysis  should  not  be  considered 
as  ending  with  the  iigure  of,  say,  minus  200-mesh,  87  per  cent,  or 
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something  of  that  sort.  The  sub-sieve  composition  of  this  minus 
200-meBh  material  is  capable  of  providing  an  important  controlling 
factor,  both  in  relation  to  grinding  cost  and  concentrator  efficiency. 

The  significance  of  surface  has  already  been  shown  in  Table  III. 
These  figures  show  that  in  the  coarser  grade  the  10.8  per  cent  by 
weight  that  is  smaller  than  10  microns  in  size  represents  more  than 
50  per  cent  of  the  total  surface  and  even  the  1  per  cent  by  weight 
below  two  microns  represents  nearly  20  per  cent  of  the  total  surface. 
The  finer  grade  shows  still  greater  disparity  in  the  relationship 
between  weight  and  surface,  for  an  extrapolation  of  the  grading 
curve  shows  that  particles  smaller  than  0.1  micron,  although 
totalling  less  than  1  per  cent  by  weight  represent  nearly  a  quarter 
of  the  total  surface. 

Hence  it  is  clear  that  for  a  study  of  the  surface  distribution  of 
even  moderately  finely-ground  minerals,  the  size  measurement 
must  be  continued  to  a  value  not  greater  than  two  microns,  which 
is  about  the  limit  for  convenient  experimental  technique.  In  the 
case  of  very  fine  powders  even  to  approach  an  exact  knowledge  of 
the  surface  distribution  demands  an  extension  of  particle  size 
measurements  into  regions  that  are  at  present  unattainable,  but 
which  offer  a  fruitful  field  for  research. 

The  ordinary  method  of  recording  and  presenting  sizing  analyses 
thus  fails  to  bring  out  the  vitally  important  statistical  position  of 
surface  area  in  relation  to  grinding  effort,  although  this  area  is  a 
dominant  factor  in  both  the  economics  and  the  technology  of 
comminution,  classification,  flotation,  hydro-metallurgy,  and 
handling  of  pulps. 

Another  useful  possibility  in  sizing  analysis  arises  when  work  is 
being  done  upon  ores  carrying  components  of  different  densities. 
In  the  closed-circuiting  classifier  the  denser  mineral  is  retained  in 
the  grinding  system  after  the  lighter  one  of  similar  *  mesh  *  has 
overflowed.  If  the  dense  fraction  is  the  valuable  ore-component  it 
detennines  the  correct  overflow  conditions  at  which  classification 
should  be  maintained.  If  the  valuable  mineral  is  a  heavv-metal 
sulphide  more  friable  than  the  gangue-stuff  efficient  milling  calls 
for  discrimination  with  regard  to  release  from  the  closed  circuit. 
Sizing  analyses  alone  do  not  present  a  complete  picture  under  these 
circumstances.  If  the  densit}'  of  the  two  ore  constituents  permits 
they  can  be  separated  in  a  suitable  heavy  hquid,  thus  supplementing 
chemical  analysis  by  giving  a  physical  sample  for  micro-examination. 
Valuable  data  can  then  be  obtained  concerning  the  associations, 
liberation,  and  middlings  in  the  screen  fractions.  The  technique  of 
such  sink-and-float  tests  is  simple  and  can  be  expedited  by  ^ti\iT\1\3l^- 
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ing  slow-settling  material.  Separation  of  '  tops '  from  '  bottoms  * 
can  be  neatly  achieved  by  freezing(^  the  contents  of  the  tube.  This 
control  helps  the  operator  to  increase  grinding  capacity  and  at 
the  same  time  reduce  over-grind,  by  allowing  him  to  increase  the 
coarseness  of  the  classifier  overflow  while  maintaining  a  visual 
check  on  the  '  values  *  in  the  ore. 

The  authors  have  prepared  this  paper  because  they  believe  that 
fundamental  research  upon  the  sub-sieve  sizes  of  ores,  combined 
with  an  increasingly  high  standard  of  laboratory  control  and 
interpretation  in  the  sieving  range  will  between  them  throw  much- 
needed  light  on  the  physics  of  comminution,  and  bring  the  science 
of  mineral  dressing  a  stage  nearer  the  point  where  every  ore-body 
ceases  to  be  treated  as  a  law  to  itself,  and  falls  into  a  category  in 
accordance  with  its  grinding-response.  While  the  constituency  of 
a  mill-pulp  remains  largely  unknown  as  regards  its  fractionation  an 
important  variable  will  continue  to  escape  that  factual  control 
which  alone  can  replace  the  art  of  ore-dressing  by  the  predictable 
science  underlying  any  technical  process. 
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Table  II 

ExFLlANATXON  OT  Ck>LT71KNS  IN  TaBLK  I 


Pkael. 


Column 
No. 


Deaeription  and  ExpUmation 


(1)  Tyler  V  2  Sieve  Series,  apertures  in  inches  or  mesh. 

(2)  Nearest  corresponding  B.S.I.  (British  Standards  Institution)  Per- 
forated Plate  or  Fine  Mesh  Test  Sieve,  and  aperture  in  mm. 

(3)  Neckrest  corresponding  I.M.M.  (Institution  of  Mining  and  Metal- 
lurgy) Test  Sieve,  and  aperture  in  mm. 

(4)  Distance  between  wires  or  aperture  dimension  of  Tyler  v^  2  Sieve 
Series.  (Note  :  Figures  in  all  subsequent  colunms  are  based  on 
the  Tyler  Series.) 

(5)  Area  of  sieve  aperture  in  square  millimetres.  Defines  the  smallest 
cross  sectional  area  of  the  particle. 

(6)  Diagonal  of  sieve  aperture  in  mm.  Defines  the  upper  limit  of  the 
breadth  or  intermediate  particle  dimension  for  a  tabular  particle. 

(7)  Arithmetic  mean  of  the  aperture  of  the  sieve  in  the  same  line  and 
of  the  next  sieve  immediately  above.  This  average  is  expressed 
by  the  symbol  A  and  is  in  nun. 

(8)  Surface  area  in  square  cms.  per  gram  of  cubical  particles  of  which 
the  side  dimension  is  A  nun.,  specific  gravity  assumed  to  be 
unity.  These  figures  equcd  60/A.  (Note  :  Divide  the  figures 
given  by  the  actual  specific  gravity  of  the  mineral  concerned ; 
this  applies  to  colunms  (8)  to  (11)  inclusive.) 

(9)  Surface  as  above  for  particles  having  dimensions  A  by  A  by  2 A 
nmi.  long.     Figures  equal  60/A. 

(10)  Surface  as  above  for  flat  particles  A  by  A  by  A/10  mm.  thick. 
Fibres  equal  240 /A. 

(11)  Surface  as  above  for  particles  of  average  shape.     (See  text  for 

explanation.)     Figures  equal  82 /A. 

(12)  ;  Weight  of  material  in  grams  to  expose  surface  of  one  square  metre, 
if  particles  are  cubes  of  side  dimension  A  mm.  and  specific 
gravity  is  unity.  This  column  equals  10,000  divided  by  column 
(8).  (Note  :  Multiply  the  figures  given  by  the  actual  specific 
gravity  of  the  mineral  concerned  ;   this  applies  to  columns  (12) 

j        to  (15)  inclusive.) 

(13)  Weight  as  above  for  particles  having  dimensions  A  by  A  by  2A 

mm.  long.     Figures  equal  10,000 /column  (9). 

(14)  Weight  as  above  for  flat  particles  A  by  A  by  A/ 10  mm.  thick. 

Figures  equal  10,000 /column  (10). 

(15)  Weight  as  above  for  pcui^icles  of  average  shape.  Figures  equcd 
10,()00/column(ll). 

(1(5)  Surface  areas  expressed  relative  to  the  surface  area  of  material  of 
the  same  shaped  particles  retained  between  160-  and  200-me8h 
Tyler.  These  figures  are  equal  to  0-089  divided  by  the  respective 
values  of  A  from  colunm  (7). 

(17)  The  approximate  weight  of  material  that  will  cover  an  8-in. 
diameter  sieve  to  a  uniform  depth  of  one  particle ;  the  voidage 
between  particles  has  been  assumed  to  be  36  per  cent  and  the 
specific  gravity  unity.  These  figures  are  equal  to  21*1  multi- 
plied by  A  in  nmi.,  and  must  be  multiplied  by  the  specific  f^vvty 
of  the  minercd  concerned. 
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Crashing  and  Orinding  Efficiencies.* 

\\\  T.   K.  l*HKXTicK,  Member. 

SVMMARY 

In  this  paper  oviileiice  will  bo  submitted  which  supports  tlio  increasinjj^y 
growing  belief  that  the  enoi'g>'  absorbed  in  crushing  and  grinding  is  directly 
proportional  to  the  now  surface  area  producetl  in  the  material  being 
<^'omminuted. 

« 

It  will  also  1m>  indicatfxl  that  the  eftieiency  of  cruHhing  aii<l  grinding 
maohines  ranges  from  about  4U  per  cent  to  20  per  cent,  depi^nding  upon  the 
typ<»  of  machine  and  the  nature  of  the  work  it  is  ceJled  upon  to  perform. 

It  will  bo  shown  that,  of  the  total  power  input  to  a  machine,  only  from 
o5  per  cent  to  90  per  cent  is  available  to  achieve  comminution,  th<^  balance 
being  dissipated  in  the  prime  mover  and  in  transmission  and  friction 
lofuies,  etc. 

It  will  also  be  shown  that  over  80  p<^r  cent  of  the  energy  available  to 
Achifwe  commimition  ap|)eai*8  in  the  fonn  of  heat,  which  is  dissipated  in 
the  surrounding  bodioK. 

The  fact  that  deformation  of  rock  under  compression  or  tension  up  to 
the  point  of  fra<'ture  is  approximately  proportional  to  the  \olume  of  the 
rock  does  not  easily  conform  with  the  finding  that  the  cnt»rgy  absorlx'd  in 
Achieving  comminution  is  dii-octly  proportional  to*  now  surfa<'e  produced 
ctnd,  for  this  reason,  all  the  datu  in  comiection  with  the  experimental  test« 
axe  submitted  in  some  detail.  The  author  may  have  erred  in  somt^  of  his 
deductions,  but  it  is  hoped  that  the  presentation  of  the  detailed  data  might 
Cfcssist  in  the  elucidation  of  the  complex  theoretical  and  practical  jirobloms 
associated  with  crushing  and  grinding. 

Inthoduction 

The  primary  function  of  crushing  and   grinding,  or  eonmiinution, 
is  to  reduce  material  from  its  existing  to  lesser  sizes. 

Tliero  is  no  clear  line  of  demarcation  between  crushing  and 
grinding,  but,  generally,  crushers  are  used  to  reduce?  the*  material 
to  approximately  quarter-inch  size  and  grinding  is  appHed  for  the 
reduction  of  the  quarter-hich  material  to  the  required  linished  size. 

•Paper    presentetl    for    simultaneous    publication    by    the    Chemical, 
Metallurgical  and  Mining  Society  of  South  Africa  and  the  Institution. 
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*  Oomminntioii  is  essentially  a  mechanical  process  and'  crashing 
and  j^rindinji:  eflficiency  may  therefore  be  expressed  as  the  ratio  of 
useful  work  performed  by  a  machine  to  the  total  work  apphed. 
This  efficiency  is  neatly  describ(»d  by  Wilson  (^)*  as  the  ratio  of 
actual  to  perfect  accomplishment.  From  the  scientific  viewpoint, 
the  mechanical  equivalent  of  the  actual  comminution  effected  should 
be  expressed  as  a  percentage  of  the  enerj^y  available  for  com- 
minution, but  from  the  practical  point  of  view,  it  should  be  expressed 
as  a  percentage  of  the  total  power  input  to  operate  the  machine 
unit. 

When  comparing  machines  of  similar  type,  it  is  not  uncommon 
to  measure  their  performance  in  terms  of  the  power  consumed  per 
unit  of  the  desired  product. 

Li  crushing  and  grinding,  it  is  comparatively  simple  to  measure 
the  power  input  to  the  machines  but  the  determination  of  the 
theoretical  erierg>'  required  to  effect  size  reduction  and  the  measure- 
ment of  the  degree  of  comminution  achieved  present  major  diffi- 
culties. In  fact,  the  variability  of  the  hypotheses  and  assumptions 
which  have  been  appUed  in  the  calculation  of  power  required  to 
effect  comminution  and.  for  the  measurement  of  the  remitting 
products  has  been  such  that  different  investigators  have  reported 
astonishingh'  divergent  crushing  and  grinding  efficiencies. 

The  late  Dr.  H.  A.  White  (^)  deduced  that  the  efficiency  of  a 
tube-mill  was  only  ()-015  per  cent  and  implied  that  an  ideal  tube- 
mill  of  an  internal  diameter  of  2-4  in.  and  a  length  of  9-6  in.  would 
do  the  same  work  as  a  tube-mill  5  ft.  6  in.  in  diameter  and  22  ft. 
long.  He  further  deduced  that,  whereas  the  5  ft.  6  in.  by  22  ft. 
tube-mill,  driven  by  a  175  h.p.  motor,  produces  about  120  tons  of 
7)nniis  200  material  per  24- hours,  an  ideal  mill  of  the  same  size 
should  only  require  a  20  h.p.  motor  to  produce  10,000  tons  of 
viinus  200  material  per  24  hours. 

^lartin  (*)  calculated  the  efficienc}-  in  ball-milling  as  0-06  per 
cent  and  Fahrenwald  (*)  has  reported  cyhndrical  mill  efficiencies 
ranging  from  6  per  cent  to  25  per  cent.  Gross  and  Zimmerley  (*) 
found  the  efficiency  of  cylindrical  mills  in  an  industrial  plant  to 
average  45  per  cent. 

In  vi(^w  of  the  foregoing  and  other  divergent  findings,  it  seems 
desirable  that  an  analysis  should  be  made  of  the  theoretical  power 
required  for  commhuition  and  of  the  methods  available  for 
measuring  the  degree  of  fineness  achieved.  In  this  way,  relevant 
laws  might  be  established  whereby  improved  crushing  and  grinding 

♦Figures  in  pareiitheseK  relate  to  the  references  given  at  the  end  of  the 
paper. 
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efficiency  might  be  brought  within  the  sphere  of  practical  achieve- 
ment.    Moreover,  the  suggestion  that  the  efficiency  of  cylindrical 
mills  is  of  the  order  of  less  than  one-tenth  of  1  per  cent  i;*  surely  a' 
challenge  to  the  ingenuity  and  skill  of  all  who  are  conceniod  with 
grinding  problems. 

Detkkmination  of  Particle  Size  and  Surface  Arka 

To  facilitate  any  investigation  into  crushing  and  grinding 
efficiencies,  it  is  necessary  to  be  able  to  measure  or  calculate  the 
sizes  of  the  original  and  resulting  particles.  For  particle  size 
down  to  about  50  microns  (0-050  millimetres)  it  is  standard  practice 
to  report  the  sizes  of  the  comminution  products  in  terms  of  a 
series  of  square- mesh  wire  screens,  in  which  the  diameter  of  the 
opening  of  each  successive  screen  is  exactly  half  the  diameter  of 
the  opening  in  the  preceding  screen.  For  more  exact  work,  inter- 
mediate screens  are,  of  course,  available.  For  sizes  below  50 
microns,  screens  are  not  entirely  satisfactory  and,  in  such  cases, 
screen  sizing  may  be  supplemented  by  water  or  air  separation  or 
by  microscopic  measurement. 

In  metallurgical  grinding  circuits,  the  sizing  sieves  in  general 
use  are  the  28,  48,  100  and  200  Tyler  linear-mesh  screens.  Data 
relating  to  the  graded  products  resulting  from  the  use  of  these 
screens  on  Witwatersrand  quartzite  are  given  in  Table  I,  on  the 
assumption  that,  all  particles  are  cubes. 


Table  I 

WlTWATEBSRAND    QUAKTZTTE,    Sp.    Gr.    2* 72 


Per  Particle 

•                  • 

Per  U).   Weight 

Graded 

Product, 

Tyler  Series 

Diameter 

{side  of 

Cube), 

mm. 

Volume, 
cu,  mm. 

Weight, 
milli- 
gram 

Surface 

Area, 

sq.  mm. 

Number 

of 
Particles 

Surface 
Area, 
sq.ft. 

—  28-1-   48 

48+100 

—100+200 

0-416 
0-208 
0104 

0-071993 
0008998 
0001125 

019582 
0-02448 
000306 

10384 
0-2696 
00649 

2,316,000 

18,629,000 

148,232,000 

26-9 

51-8 

103-6 

Not  only  can  surface  areas  be  calculated  from  screen  analysis, 
as  indicated  in  Table  I,  but  direct  determinations  can  be  made 
by  the  formation  of  chemical  or  physical  coatings  on  the  particles. 
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by  the  amount  of  gas  absorbed,  by  optical  density  measuFement  in 
dilute  suspensions  (•),  by  permeability  methods  ('),  and  by  chemical 
dissolution  methods  (®). 

In  connection  with  the  research  work  to  be  described  in  this 
paper,  three  methods  were  used  at  the  Band  Mines  Laboratory  for 
determining  the  surface  area  of  ore  particles  : — 

(I)  By  comparing  with  a  predetermined  standard  the  amount  of 
water  adhering  to  individual  particles  after  immersion  in  water 
and  draining  for  one  minute. 

(II)  By  comparing  with  a  predetermined  standard,  the  amount 
of  residual  liquid  retained  by  a  given  weight  of  particles  after 
immersion  in  water  or  paraffin  and  subsequent  draining  for  30 
minutes  in  a  Gooch  crucible,  covered  to  avoid  evaporation. 

(III)  By  Carman's  permeabiUty  method  (^). 

The  first  method  was  applied  to  all  particles  greater  than  ^  in. 
in  diameter ;  the  second  to  the  range  of  particles  from  20-linear 
mesh  to  ^-in.  size  and  the  third  method  to  viinus  20-linear  mesh 
particles. 

Great  accuracy  cannot  be  claimed  for  either  the  first  or  the 
second  method  because  of  the  doubt  about  the  correctness  of  the 
standards  applied.  For  example,  in  Method  I,  the  standard  was 
obtained  by  determining  the  amount  of  water  adhering  to  each 
of  several  very  smooth  quartzite  tube-mill  pebbles,  free  of  cracks 
and  sufticienth-  regular  in  shape  to  permit  geometrical  surface  area 
determination.  It  was  found  that  1  cu.  cm.  of  water  covered 
882  sq.  cm.  of  pebble  surface,  equivalent  to  a  water  coating  of 
0*026  millimetres  Or  26  microns. 

To  ubtain  the  standard  for  Method  II,  the  surface  area  of  each  of 
ten  particles,  approximately  0-3  in.  in  diameter,  was  determined 
by  Method  I  on  the  basis  of  the  first  standard  and  therefrom  the 
combine 'd  surface  area  of  the  ten  particles  was  obtained.  A  Gooch 
crucible  was  then  filled  with  water  up  to  the  point  required  to 
cover  all  the  particles  used  in  any  of  the  second  method  tests  and 
allowed  to  drain.  When  drainage  was  complete,  the  wet  crucible 
was  weighed.  The  aforementioned  10  particles  were  then  placed 
in  the  crucible,  covered  with  water  and,  after  being  drained  for 
30  minutes,  the  crucible  containing  the  particles  and  the  residual 
moisture  was  weighed.  The  difference  in  these  two  weights  was 
equivalent  to  the  known  dry  weight  of  the  10  particles  pltis  the  . 
weight  of  the  residual  moisture.  From  the  weight  of  the  residual 
moisture  and  the  accepted  surface  area  of  the  10  particles,  it  was 
calculated  that,  imder  the  conditions  of  Method  II,  the  covering 
capacity  of  1  cu.  cm.  of  water  was  1,180  sq.  cm.     In  a  similar 
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manner,  the  covering  capacity  of  1  cu.  cm.  of  paraffin  was  fomid 
to  be  2,800  sq.  cm. 

The  tests  carried  out  by  Method  II  on  mintis  8  plus  20-Unear 
mesh  quartzite  gave  abnormally  high  results  with  water  due  to 
capillary  action,  but  satisfactory  results  were  obtained  with 
paraffin. 

Although  the  accuracy  of  Methods  I  and  II  cannot  be  guaranteed, 
it  is  probable  that,  owing  to  the  relatively  small  surface  area  of  the 
larger  particles  per  unit  of  weight,  these  methods  are  sufficiently 
reliable  for  all  practical  purposes.  For  example,  in  a  mixture  of 
particles  made  up  with  equal  weights  of  the  three  sizes  given  in 
Table  I,  the  surface  area  of  the  coarsest  size  would  constitute  only 
14  per  cent  of  the  total  surface  area  of  the  mixture. 

Method  III  was  carried  out  much  on  the  lines  described  by 
Carman  C),  It  was  found  that  .if  the  minits  20-linear  mesh  material 
contained  only  a  relatively  small  percentage  of  mimis  200-mesh 
product,  the  apparent  surface  area  of  the  mixture  was  higher  than 
when  calculated  from  the  weights  and  surface  areas  of  the  individual 
fractions  determined  separately.  In  all  such  cases  the  surface 
area  of  minus  20-mesh  material  was  calculated  on  the  basis  of  its 
separate  fractions. 

The  results  obtained  by  these  three  methods  on  graded  quartzite 
ranging  from  8J-in.  lumps  down  to  the  minus  100  phis  200-linear 
mesh  size  are  given  in  Table  II,  together  with  the  theoretically 
calculated  areas  and  those  obtained  by  John  Gross  (®)  when  using 
the  hydrofluoric  acid  dissolution  method  (®). 

Table  II  discloses  that  the  measured  surface  area  is  always 
greater  than  the  theoretical  surface  area.  For  sizes  less  than 
20-linear  mesh,  the  permeability  method,  as  used  at  the  Rand 
Mines  Laboratory  (Method  III),  gave  results  about  70  per  cent 
higher  than  the  theoretical  area,  whereas  the  hydrofluoric  acid 
method,  as  used  by  John  Gross  (®),  gave  results  2-6  times  higher 
than  theoretical.  For  sizes  greater  than  20  mesh  and  less  than 
8  mesh,  the  Rand  Mines  Method  II  and  the  hydrofluoric  acid 
method  gave  comparable  results,  each  being  about  six  times  the 
calculated  theoretical  surface  area.  John  Gross  states  that  this 
high  ratio  is  due  mainly  to  cracks  in  the  particles,  the  balance 
being  due  to  the  irregularity  of  the  fracture  surface. 

If  the  surface  area  per  unit  weight  of  a  product  is  known,  it  is 
possible  to  calculate  the  average  diameter  of  the  particles  com- 
prising the  product.  For  example,  with  Witwatersrand  quartzite 
(Sp.  Gr.  2-72),  the  average  diameter  per  particle,  in  milUmetres, 
is  a  constant  10-8,  divided  by  the  theoretical  surface  «bte^,  m 


6 


T.   K.   FBENnCE  : 


square  feet,  of  1  lb.  by  weight  of  the  product.  The  theoreiioal 
surface  area  can  be  determined  from  the  relevant  ratio  of  the  actual 
to  theoretical  surface,  as  disclosed  in  Table  II.    Alternatively  : 

Average  diameter_  10-8  x  ratio  actual  to  theoretical  surface 
m  milhmetres  Actual  surface  (sq.  ft.  per  lb.) 


Table  II 

WiTWATBRSBAND   QUABTZITE,    Sp.    6s.    2*72 


Measured  Suffac 

\e  Area 

• 

Grading  of 
Product 

Average 
Diam- 
eter 

of 

Particle, 

mm. 

Theo- 
%fitical 
Surface 
Area, 
sq.ft. 
per  lb. 

Rand  Mines 
Laboratory 

HP  Method 
John  Gross 

Me- 
thod 
No. 

Sq.ft. 

Ratio, 
Actual 

to 
Theo- 
retical 

Sq.ft. 
per 
lb. 

Ratio, 
Actual 

to 
Theo- 
reHtxd 

3-45  in 

87-63 
70-87 
56-12 
44-46 

0-12 
016 
0-20 
0-24 

I 
»» 

0-46 
0-64 
0-80 
0-83 

3-76 
4-27 
4-00 
3-46 

2-79  „  

217 

—2    in.+  liin. 

— H  „+l     „ 

31-76 

0-34 

»> 

1-30 

3-82 

—1    ,,-f  i  „ 

22-22 

0-48 

»» 

2-28 

4-76 

—  f  »  +  t  „ 

16-87 

0-68 

>» 

3-28 

4-82 

—  i  „  +0-37  in. 

11-06 

0-98 

»» 

5-27 

6-38 

— -0-37in.4-3  mesh 

7-92 

1-36 

»» 

10-20 

7-60 

—    3  +     «     „ 

4-70 

2-29 

n 

14-60 

6-38 

18-68 

811 

—     6  +     8     „ 

2-79 

3-86 

»» 

23-73 

615 

24-83 

6-43 

—     8+20     „ 

1-40 

7-69 

f» 

28-12 

3-66 

36-09 

4-56 

20  +   48     „ 

0-496 

21-76 

ni 

35-20 

1-62 

67-20 

309 

48  +100     „ 

0-208 

61-80 

» 

83-98 

1-62 

131-17 

2-53 

—100  +200     „ 

0104 

103-58 

ft 

188-46 

1-82 

• 

231-39 

2-23 
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Theory  of  Crushino  and  Grinding 

Bock  may  be  broken  by  the  application  of  force  in  any  of  the 
following  ways  : 

(a)  Impact.  ^ 

(6)  Shear. 

(c)  Bending. 

(d)  Compression. 

(e)  Tension. 

In  practical  crushing  and  grinding,  all  of  these  factors  are  present 
in  varying  degrees,  depending  mainly  upon  the  type  of  machine 
used  to  effect  comminution. 

If  compression  were  applied  over  the  whole  area  of  the  top  of  a 
cube  constrained  in  a  cavity  in  a  steel  block  so  that  no  space 
existed  between  the  container  and  the  rock,  virtually  no  fracture 
would  result.  If,  however,  the  cube  were  supported  at  the  bottom 
but  not  at  the  sides  and  pressure  were  applied  to  the  top,  the  cube 
could  distend  laterally  and,  if  sufficient  force  were  appUed,  the 
cube  would  fracture.  In  this  base  it  may  be  claimed  that  fracture 
is  directly  caused  by  shear  resulting  from  compression. 

When  a  piece  of  rock  is  impacted  or  compressed  with  insufficient 
force  to  overcome  the  elasticity  of  the  rock,  no  useful  work  is 
accomplished  and  the  force  thus  expended  is  probably  dissipated 
as  heat.  The  force  required  to  overcome  elasticity  is,  without  a 
doubt,  directly  proportional  to  the  volume  of  the  rock. 

When  sufficient  force  is  appHed  to  overcome  elasticity  and  to 
effect  fracture  of  the  rock,  the  combined  force  thus  applied  may  be 
considered  to  have  done  useful  work,  because  fracture  cannot  be 
achieved  without  first  overcoming  the  elasticity  of  the  rock. 
Although  the  energy  required  to  overcome  elasticity  is  proportional 
to  the  volume  of  the  particle,  it  will  be  demonstrated  later  that, 
when  this  energy  is  released,  it  produces  new  area  of  fracture  which 
is  directly  proportional  to  the  energy  absorbed.  It  will  also  be 
shown  that  a  large  proportion  of  the  energy  required  to  overcome 
elasticity  is  transformed  into  heat  and  dissipated  in  the  surrounding 
bodies. 

The  energy  required  to  overcome  elasticity  constitutes  virtually 
the  whole  of  the  power  required  to  achieve  fracture  and,  if  the 
latter  could  be  considered  apart  from  the  energy  required  to 
overcome  elasticity,  it  would  constitute  only  a  small  percentage 
of  the  total  energy  absorbed.  When  Edser  (^®)  in  1921  calculated 
that  the  energy  required  to  produce  1*0  sq.  cm.  of  new  surface  in 
quartz  was  920  ergs,  equivalent   to  0-06  ft.-lb.  per  aq^.  li.  ol  w^^ 
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surface,  he  ignored  the  energy  required  to  overcome  the  elasticity 
of  the  rock.  Likewise  Dr.  White  (^)  calculated  that  the  energy 
required  might  be  2,888  ergs  per  sq.  cm.  (0-16  ft.-lb.  per  sq.  ft.), 
but  he  stated  that  his  calculations  did  not  allow  for  the  energy 
put  into  increased  heat  motion  of  the  quartz  particles  and  conse- 
quently he  favoured  Edser's  finding. 

Martin  (")  also  ignored  the  energy  required  to  overcome  the 
elasticity  of  the  rock  when  he  calculated  that  the  theoretical  energy 
required  to  produce  1  sq.  ft.  of  new  surface  was  0*086  ft. -lb.  which 
is  only  60  per  cent  of  Edser's  finding. 

Whereas  to  achieve  fracture,  per  se^  might  require  as  little  as 
0*06  ft.-lb.  per  sq.  ft.  of  fracture  surface,  it  will  be  demonstrated 
that  the  combined  energy  required  to  produce  1  sq.  ft.  of  new 
surface  is  approximately  8-5  ft.-lb.,  so  that  the  work  of  preparation, 
prior  to  fracture,  would  appear  to  constitute  8-44  ft.-lb.  or  98  per 
cent  of  the  total. 

To  facilitate  an  appreciation  of  what  happens  when  rock  is 
broken,  let  us  consider  a  theoretical  case  of  an  inch  cube  of  rock 
(length  of  side  =  25*40  millimetres)  of  Sp.  6r.  2*72  and  weight 
0*0988  lb.,  being  broken  into  perfect  cubes  in  18  successive  stages, 
in  each  of  which  the  length  of  side  (herein  referred  to  as  diameter) 
of  the  cube  or  cubes  is  exactly  halved.  Thus,  in  the  first  stage,  the 
inch  cube  is  broken  into  eight  cubes  each  of  ^-in.  diameter  and  in 
the  second  stage  each  of  the  eight  ^-in.  cubes  is  broken  into  eight 
cubes  of  J-in.  diameter  and  so  on  through  the  13  stages,  when 
there  would  be  549,756  million  cubes  each  of  a  diameter  of  0*008 
millimetres.  Although  there  is  no  change  at  any  time  in  the 
combined  weight  or  volume  of  the  cubes,  the  number  of  cubes 
increases  in  the  ratio  of  eight  to  one  and  the  volume  of  each 
resulting  cube  is  one-eighth  that  of  each  of  the  preceding  cubes. 
Relevant  data  are  given  in  Table  III. 

Table  III  demonstrates  that  the  combined  surface  area  of  the 
cubes  doubles  with  each  halving  of  the  diameter. 

In  1865,  Rittinger  propounded  that  the  energy  required  for 
crushing  is  proportional  to  the  new  surface  formed  in  the  operation. 
Thus,  since  the  surface  formed  in  each  stage  in  Table  III  is  doubled, 
the  energy  required  to  produce  each  successive  stage  increases  in 
geometric  progression,  the  ratio  being  2. 

In  1885,  Kick  postulated  that  the  energy  required  for  producing 
analogous  changes  of  configuration  of  geometrically  similar  bodies 
of  equal  technological  state  varied  as  the  volumes  or  weights  of 
those  bodies.  From  this  it  is  deduced  that,  whatever  power  is 
required  to  break  a  cube  into  eight  smaller  and  equal  sized  cubes. 
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it  would  take  one-eighth  of  that  power  to  break  one  of  these  RmaNer 
cubes  into  eight  equal  sized  cubes,  because  each  of  the  smaller 
cubes  is  one-eighth  the  volume  of  the  original  cube.  But,  since 
there  would  be  eight  smaller  cubes  to  be  broken,  it  would  take  the 
same  energy  to  break  all  of  them  into  cubed  one-eighth  of  their' 
size  as  it  would  take  to  break  the  original  cube  into  eight  smaller 
cubes.  Thus,  according  to  Kick,  it  would  require  exactly  the 
same  amount  of  energy  to  effect  each  of  the  stages  of  reduction 
shown  in  Table  III. 


Table  III 

1-iN.  Cube  Quaktzite,  Sp.  Gk.  2-72 

Volume  =  1  cu.  in.    Weight  =  0-0983  lb. 


Qiyi 

Diameter 

per  Cube, 

mm. 

Oombined  Cubes 

of 
Reduction 

Surface 
Area, 
sq.  ft. 

New  Area  Pro- 
duced per  SUige^, 
sq,ft. 

At  Start 

25-400 
12-700 
6-350 
3-175 
1-588 
0-794 
0-397 
0-198 
0099 
0-050 
0-025 
0-012 
0-006 
0-003 

0-0417 

0-0833 

0-1667 

0-3333 

0-6667 

1-3333 

2-6667 

5-3333 

10-6667 

21-3333 

42-6667 

85-3333 

170-6667 

341-3333 

After  Ist  Sta 
2nd      , 

(TO   

0-^)416 

o^  

0-0834 

3rd 

0-1666 

„     4th 

0-3334 

„     5th      , 

0-6666 

.     6th 

1-3334 

7th 

2-6666 

8th 

5-3334 

9th 

10-6666 

10th 

21-3334 

llth 

42-6666 

12th 

85-3334 

13th 

170-6666 

TotAl  ne\r  gnrftu*/^  nmdiir>^ 

d     

341-2916 

i 
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Let  us  assume  that  it  would  take  A  ft.-lb.  to  effect  the  first 
stage  of  reduction  shown  in  Table  III.  According  to  Sack,  it 
would  take  13  A  ft.-lb.  to  achieve  the  18  stages  of  reduction. 
According  to  Eittinger,  however,  if  it  took  A  ft.-lb.  to  produce 
0*0416  sq.  ft.  of  new  surface,  it  would  require  8,204  A  ft.-lb.  to 
produce  341*2916  sq.  ft.  of  new  surface.  Therefore  it  would 
require  8,204  A  ft.-lb.  to  effect  the  13  stages  of  reduction  given  in 
Table  III. 

Thus,  it  is  disclosed  that,  if  it  took  A  ft.-lb.  to  break  an  inch 
cube  into  eight  smaller  cubes,  it  would  require,  by  Rittinger's  and 
Kick's  hypotheses,  8,204  A  and  13  A  ft.-lb.  respectively  to  reduce 
the  inch  cube  to  cubes  of  8  microns  in  diameter.  Therefore, 
assuming  A  to  be  known,  Rittinger's  hypothesis  demands*  630 
times  more  energy  than  Kick's  theory'  to  reduce  a  1-in.  cube  down 
to  3-micron  cubes. 

If  it  can  be  proved  that  the  production  of  new  surface  is  directly 
proportional  to  useful  work  absorbed,  then  Rittinger's  hypothesis 
must  be  accepted  and  Kick's  discarded. 

As  already  stated,  it  will  be  demonstrated  that  to  cause  fracture 
in  rock  of  about  1  sq.  in.  cross  section  requires  approximately 
8-6  ft.-lb.  per  sq.  ft.  of  new  area  produced.  Thus,  to  break  the 
1-in.  cube  into  eight  equal-sized  J-in.  cubes,  whereby  the  new 
surface  produced  is  equivalent  to  6  sq.  in.  or  0*0416  sq.  ft.,  the 
energy  required  would  be  0*146  ft.-lb.  Thus,  to  effect  the  first 
stage  of  Table  III  would  require  0*146  ft.-lb.  According  to  Kick, 
the  total  tMiergy  required  to  crush  the  inch  cube  to  3-micron 
particles  would,  on  this  basis,  be  1*90  ft.-lb.  According  to 
Rittinger,  however,  it  would  be  1,197*8  ft.-lb. 

It  is  known  that,  on  the  Witwatersrand,  the  power  consumed  in 
comminution  is  approximately  24  h.p. -hours  per  ton  of  ore  crushed 
to  minus  200-linear  mesh  in  which  the  average  size  of  the  grains 
is  8  microns  (^^).  This  is  equivalent  to  23,760  ft.-lb.  per  lb.  of 
ore  or  2,336  ft.-lb.  per  1  cu.  in.  particle. 

On  the  foregoing  assumptions  the  efficiencies  of  the  crushing 
and  grinding  units  on  the  Witwatersrand  would  average  0*08  per 
cent  according  to  Kick  and  51*3  per  cent  according  to  Rittinger. 

In  practice,  in  achieving  any  desired  degree  of  grinding,  it  is 
not  possible  to  prevent  grinding  some  of  the  particles  considerably 
finer  than  required,  and  it  is  frequently  argued  that  the  energy 
expended  on  these  overground  particles  is  wasted  energy,  which, 
it  has  been  claimed,  may  amount  to  as  much  as  90  per  cent  of 
the  total  energy  expended  on  grinding  (^*).  It  is  true  that,  in 
certain  base-metal  metallurgy,  overgrinding  does  adversely  affect 
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the  extraction  of  the  valuable  constituent,  but,  in  other  cases, 
overgrinding  does  not  adversely  affect  the  product.  For  example 
in  Witwatersrand  gold  metallurgy,  overgrinding  actually  increases 
the  amount  of  gold  extracted  but  not  to  a  sufficient  extent  to 
compensate  for  the  cost  of  the  additional  energy  expended.  Thus, 
in  the  latter  case,  it  can  be  argued  that  only  a  portion  of  the  cost 
of  the  additional  grinding  is  wasted. 

An  important  factor  in  the  prevention  of  overgrinding  is  provision, 
for  quick  passage  of  the  ore  through  the  cylindrical  mills  combined 
with  adequate  classification  for  the  removal  of  the  particles  as  soon 
as  possible  after  reaching  the  desired  fineness.  It  has  oft^-n  been: 
claimed  that  the  capacity  of  a  mill  can  be  increased  materially  by 
providing  additional  classification  but,  in  actual  fact,  additional 
classification  does  not  to  any  extent  alter  the  amount  of  grinding 
performed  by  a  mill.  It  does,  however,  minimize  the  work  done: 
on  particles  already  fine  enough  and  diverts  such  work  to  particles 
still  requiring  comminution.  Thus,  the  amount  of  useful  work 
performed  by  a  mill  can,  bj-  means  of  additional  classification,  be 
materially  increased. 

Since,  therefore,  overgrinding  can  l)e  controlled,  any  over- 
grinding  which  may  result  should  not  he  debited  against  the 
grinding  unit. 


Experimental  Determinations  op  Energy  Kbquired  to 

Produce  Comminution 

Gross  ("),  using  a  drop-ball  on  graded  sizes  of  quartz  varying 
from  4-me8h  to  100-mesh,  found  that  it  required  3*82  ft. -lb.  to 
produce  1  sq.  ft.  of  new  surface. 

Bond  and  Maxson  (^•)  used  a  pendulum  impact  testing  device 
to  crush  samples  of  ore  from  different  mining  districts.  The 
samples  were  crushed  and  the  minus  14  plus  20-mesh  fraction  was 
tested  in  each  case.  The  work  absorbed  per  unit  of  surface?  area 
produced   was  as  shown  in   Table  VII,   the  surface  area    being 
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Table  VII 


Sample  Tested 

Power  Used 

Joides, 
per  sq.  fnetre 

Ft. -lb., 
jjer  sq.  ft. 

New  Cornelia  Copper  Ore    

Xdttle  LonflT  Lac  Ore 

296 
307 
462 
760 

20-3 
21-0 

Witwatersrand  Springs  Mine  Ore   

Petroleum  Coke,  Tenn 

:u-7 

52  1 

12  T.   K.  FBBNTIOB  : 

determined  in  each  case  on  the  basis  of  screen  analysis.  Table 
VII  indicates  that,  for  Witwatersrand  quartzites,  the  power 
required  to  produce  1  sq.  ft.  of  surface  is  81*7  ft.-lb. 

Oross  and  Bond  both  found  that  the  energy  absorbed  in  com- 
minution was  directly  proportional  to  the  new  surface  produced, 
but  their  results  differ  very  materially.  Thus,  whereas  Bond 
found  it  required  81*7  ft.-lb.  to  produce  1  sq.  ft.  of  new  surface, 
the  finding  of  Gross  was  only  8*82  ft.-lb.  per  sq.  ft.,  the  former 
being  approximately  eight  times  higher  than  the  latter.  It 
should  be  noted,  however,  that  Bond  based  the  production  of  new 
surface  on  screen  analysis,  whereas  Gross  used  the  hydrofluoric 
acid  method,  which  gave  areas  two  to  four  times  as  great  as  those 
derived  from  screen  calculations. 

Experimental  work  has  recently  been  carried  out  by  the  metal- 
lurgical staff  of  The  Central  Mining  and  Investment  Corporation, 
Ltd.,  to  determine  the  minimum  power  required  to  effect  fracture 
by  impact,  shear,  bending,  compression,  and  by  tension.  In  all 
cases,  the  area  of  fracture  was  measured  by  one  or  other  of  the 
three  methods  used  at  the  Rand  Mines  Laboratory. 

Impact  Tests. — Tests  were  carried  out  on  pieces  of  carefully- 
selected  Witwatersrand  quartzitic  rock,  but,  instead  of  dropping 
a  weight  on  the  stationary  rock  sample,  the  rock  was  dropped 
on  to  a  steel  plate  through  increasing  heights  until  the  rock  finally 
fractured.     Similar  tests  were  carried  out  by  Stanley  (")  in  1914. 

The  rocks  were  tested  from  heights  of  10  ft.,  20  ft.,  80  ft.,  40  ft., 
and  50  ft.,  each  rock,  after  failing  to  break,  being  re  weighed  and 
tested  at  the  next  height.  Fracture  was  assumed  to  have  taken 
place  when  the  largest  remnant  did  not  exceed  80  per  cent  of  the 
total  weight  of  the  sample. 

Twenty-four  samples  were  tested,  but  it  is  not  necessary  to 
record  more  than  12  results,  these  being  entirely  representative 
of  the  total.  These  12  tests  are  divided  into  four  groups,  wherein 
the  minimum  dimensions  of  the  test  pieces  are  not  less  than  2J  in., 
.2f  in.,  2  in.,  and  IJ  in.  Of  the  12  test  pieces,  three  remained 
unbroken  after  the  50-ft.  drop.  Relevant  data  are  given  in 
Table  YIIL 

Shear  Tests. — These  tests  were  carried  out  at  the  Rand  Mines 
Laboratory  on  Witwatersrand  quartzitic  diamond-drill  cores  of 
approximately  1-in.  and  IJ-in.  diameters. 

In  an  attempt  to  emulate  direct  shear  conditions,  the  test  piece 
was  firmly  clamped  in  a  pipe-vice  with  2J^-in.  jaws  in  a  horizontal 
position  with  1|  in.  of  core  protruding  beyond  the  vice.  Thus, 
the  distance  from  the  centre  of  the  vice  to  the  end  of  the  core  was 
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Table  VHI 


Mini- 

Ft.-U). 

Ft.^lb. 

Oroup 

rmtm 

diameter 

of  Test 

Piece,  in. 

Weight, 
lb. 

Height 

of 
Drop,  ft. 

Energy 
Inputs 
ft.-lb. 

per 
Jh.of 

Teat 
Piece 

Fracture 
Area, 
aq.  in. 

per 
aq.fUf4 
Fracture 

Area 

3 

1-852 

Unbroken 

A 

3 

2-253 

30 

67-6 

300 

163-4 

59-6 

2|    * 

1-731 

Unbroken 

2i 

1-583 

20 

31-7 

200 

195-3 

23-4 

B 

2i 

1-325 

50 

66-3 

50-0 

173-1 

55-2 

21 

• 

1-510 

40 

60-4 

40-0 

169-3 

51-4 

Average 
A&B 

2f 

1-668 

35 

56-5 

33-9 

175-2 

46-4    - 

2i 

1-182 

20 

23-6 

20-0 

256-0 

13-3 

C 

2i 

0-924 

40 

37-0 

40-0 

110-4 

48-2 

2 

1-065 

20 

21-3 

20-0 

48-1 

63-8 

• 

• 
1| 

0-578 

40 

23-1 

40-0 

141-4 

23-5 

D 

u 

0-408 

Unbroken 

u 

0-507 

50 

25-4 

500 

84-8 

431 

Average 
C&  D 

H 

0-851 

34 

261 

30-7 

128-2 

29-3 

8  in.  Direct  contact  between  the  jaws  and  the  test  piece  was 
avoided  by  interposing  a  2^-in.  length  of  split  piping  of  suitable 
diameter  to.  fit  the  core  under  test.  A  steel  ball  was  dropped 
irom  gradually  increasing  heights  on  to  the  protruding  piece  at  a 
point  a  \  in.  from  the  end,  equivalent  to  2J  in.  from  the  centre  of 
the  vice,  until  fracture  occurred.  A  2-lb.  steel  ball  was  used  on 
the  larger  diameter  cores  tmd  a  J-lb.  ball  on  the  smaller.  The 
dropping  height  was  increased  by  \  in.  stages.    The  hei^h^  «^i  ^\i\^ 
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fracture  occurred  and  the  length  and  weight  of  the  broken  piece 
were  recorded. 

Tablb  IX 


Teat 
No. 


1 
2 
3 

4 
5 
6 

7 
8 
9 


Diam, 

of 
Care, 

in. 


Av'ge. 


10 
11 
12 
13 
14 
15 

Av'ge. 


1053 
1044 
1049 
1049 
1030 
1040 
1047 
1039 
1034 


1043 


0-827 
0-828 
0-828 
0-813 
0-810 
0-817 


0-821 


Cross 
Section 

0/ 

Core, 
sq,  in. 


0-871 

0-856 

0-864 

0-864 

0-833 

0-849 

0-861 

0-848 

0-840 


0-854 


0-537 
0-538 
0-538 
0-519 
0-515 
0-524 


Length 

of 

Drop, 

in. 


0-528 


Weight 

of 

BaU, 

lb. 


8-0 
40 
5-0 
4-0 
2-5 
30 
2-5 
3-5 


3-5 


4-00 


4-0 


4-5 


4-5 


3-5 
4-0 


6-5 


4.33 


2-0 


»> 


»» 


»♦ 


0-5 


Energy 
Input 

to 
(xchieve 
Frac- 
ture, 
ft.-lb. 


1-33 
0-67 
0-83 
0-67 
0-42 
0-50 


0-42 


0-58 


0-67 


0-17 
019 
0-19 
015 
017 
0-23 


018 


Weight 

of 
Broken 

Piece, 

lb.  . 


Ft.'W. 
per 
lb. 


0-179 
0-200 
0-205 
0-160 
0-182 
0-161 


0174 


0-58       0170       3-41 


0163 


0-177 


0-114 
0110 
0111 
0-103 
0-107 
0104 


0-108 


7-43 
3-35 
405 
4-19 
2-31 
3-11 


2-41 


3-56 


3-79 


Area 

of 
Frac- 
ture, 
sq.  in. 


1-73 
1-71 
1-46 
1-59 
2-21 


1-67 


4-15 


410 
3-93 
4-46 
3-86 
4-61 
4-31 


4-35 


418 


1-49       2-09 


2-20 
2-22 
202 
2-76 
*l-68 


Ft.4b. 

per 

sq.ft, 

of 
Frac- 
ture 
Area 


2-16 


461 


3-83       25-2 


29-2 
24-5 
13-6 
18-7 
13-1 
19-4 


19-2 


23-1 


11-7 
12-4 
12-3 
10-7 
8-9 
19-7 


120 
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The  usual  point  of  fracture  was  about  1  in.  from  the  centre  of 
the  vice,  so  that  the  broken  piece  averaged  approximately  2  in. 
in  length.  In  a  few  cases,  when  a  long  specimen  was  under  test, 
the  fracture  actually  took  place  on  the  remote  side  of  the  vice, 
presumably  due  to  vibration  transmitted  through  the  core.  The 
latter  tests  were  not  recorded. 

Parallel  tests  were  made  which  proved  that  the  repeated  impacts 
on  each  test  piece  prior  to  fracture  did  not  weaken  the  test  pieces, 
whereby  low  final  results  might  have  been  obtained. 

The  actual  areas  of  fracture  were  determined  by  water  immersion 
in  a  manner  somewhat  similar  to  Rand  Mines  Laboratory  Method 
No.  I  aheady  described.  The  actual  fracture  areas  determined  in 
this  way  were  from  1-6  to  2*7  times  as  great  as  the  theoretical 
areas  based  on  plane  surfaces,  the  average  being  2'8  to  1.  Relevant 
data  are  given  in  Table  IX. 

Bending  Tests. — Adams  and  Coker  (^)  carried  out  some  inter- 
esting research  upon  the  deflection  of  beams  cut  from  rocks.  In 
one  test  on  pure  white  marble  from  Vermont,  a  lath-shaped  piece, 
12  in.  long  by  1-26  in.  by  0-29  in.,  was  rested  on  two  wedge-shaped 
supports  placed  11  in.  apart  and  then  loaded  in  the  middle.  The 
broader  surface  rested  on  the  terminal  supports.  The  weights 
were  placed  in  a  Ught  brass  pan  hanging  from  a  wire  which  passed 
over  the  middle  of  the  lath  and  lay  flat  upon  it.  The  deflection 
at  the  centre  of  the  beam  was  measured  after  each  weight  addition 
up  to  the  point  of  fracture  and  the  total  test  took  about  half  an 
hour.  The  final  weight  applied  was  86  oz.  and  the  deflection  was 
0-068  in.  when  fracture  occurred. 

Eleven  similar  tests  were  carried  out  at  the  Rand  Mines  Labora- 
tory, on  Witwatersrand  quartzitic  diamond-drill  cores  of  1-in.  and 
^-in.  diameters.  With  the  larger  cores,  two  tests  were  carried 
out  with  a  15-in.  span  between  supports.  With  the  smaller  cores, 
spans  of  14-0  in.,  10-5  in.,  and  7*0  in.  respectively  were  used.  With 
the  addition  of  each  weight,  the  deflection  at  the  centre  of  the 
beam  was  measured  by  micrometer  and  loading  was  continued 
until  fracture  occurred.  The  duration  of  each  test  averaged 
31  minutes.  The  area  of  fracture  was  measured  by  water 
immersion  as  in  the  case  of  the  shear  tests,  the  ratio  of  actual  to 
theoretical  surface  being  about  2*4  to  1.  In  calculating  the  energy 
required  to  produce  fracture,  the  weight  of  the  core  between 
supports  was  ignored  owing  to  its  relatively  small  effect  upon  the 
final  result. 

Details  of  the  first  test  on  the  1-in.  core  are  given  in  Table  X, 
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Tablb  X 

QcABTXmc  CoB£                                  Span  -   16^  in. 

DiAMBTKI.  -.    1039  IS.                                 WaiOHT  =    1-271  LB. 

Weight  in  Pmt 
per  Stage,  lb. 

Average  Weight  in 
Fan  per  Stage,  Bt. 

DeJUelion 
per  Stage,  in. 

(6  X  a) 

0-0  to      70 

3-3 

0-001 

0-0036 

7-0  „     13-9 

10-5 

0-001 

0-0105 

13-9  ..     20-8 

17-3 

0-001 

O-0173 

20-8  .,     27-6 

242 

0-001 

00242 

27-6  ,.     3iF> 

311 

0-001 

0-03II 

3*6  ,.     41  4 

37-9 

0001 

0-0379 

41-4  „     48-3 

44-9 

0-001 

0-M4* 

48-3  „     562 

61-7 

0-001 

0-0517 

S5-Z  „     621 

68-7 

0-001 

0-0587 

62- 1  „     fl8-9 

65-5 

0001 

0-0065 

88B  ,.     75-8 

72-4 

0001 

0-0724 

75-8  ,.     82-7 

70-2 

0-001 

0-0792 

82-7  ..     89-6 

86-2 

0-001 

0-0862 

89-6  „     97-8 

93-7 

0-001 

0-0937 

97-8  „  106- 1 

1020 

0-001 

0-1020 

1061  „  114-4 

110-2 

0-001 

0-1102 

lH-4  „   122-fl 

1185 

O-OOI 

0-118.1 

122-6  „  1281 

125-4 

0-001 

0-1254 

128-1   „   13B-6 

131-8 

0-001 

01318 

135-6  „   1450 

140-3 

O-OOI 

n-1403 

U5-0  ,.   154-4 

UB-7 

0-OOt 

0-U9T 

1S4-4  „   I5S-I 

156-8 

O-OOI 

0-1688 

1591  „   163-9 

161-5 

0-001 

0-1616 

163  9  ,.   187-6 

16S-7 

O-OOI 

01667 

0      „   167-6 

84-05 

0024 

2-0387 

For  each  of  th 
manner  shown  in 
given  in  Table  X 

2-0387  m.-lb.  = 

e  11  t«stB,  the  tt 
Table  X,  and 

0-1699  rt..lb. 
ork  done  was  m 
the  complete  hs 

Iculated  in  the 
of  reBultB  are 
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Table  XI  discloses  that  to  fracture  the  1-in.  core  and  the  ^-in, 
core  required  4'24  ft.-lb.  and  2-82  ft.-ib.  respectively  per  sq.  ft. 
of  new  surface  produced.  The  average  of  the  11  tests  is  8-16  ft.-lb. 
per  sq.  ft.  of  fracture  area. 

Another  series  of  bendinj^  tests  was  carried  out  at  the  Band 
3fine8  Laboratory  on  1-in.  and  -ft-in.  Witwatersrand  quartzitic 
diamond-drill  cores  in  which  one  end  was  fixed  in  a  clamp  2^  in. 
long  and  a  load  was  gradually  applied  at  a  point  J  in.  from  the 
free  end.  The  deflection  at  the  loading  point  was  measured  by 
micrometer.  Other  details  were  similar  to  those  of  the  bending 
tests  already  described.  The  average*  duration  of  each  test  was 
50  minutes. 

Kelative  data  are  given  in  Table  XII  (Plate  I). 

From  the  data  in  Table  XII,  {he  average  energy  to  fracture  a 
1-in.  core  as  disclosed  by  the  12  tests  thereon  is  4-09  ft.-lb.  per 
sq.  ft,  of  new  surface  produced  and  3-70  ft.-lb.  per  sq.  ft.  for  the 
U-in.  core.     The  average  of  the  15  tests  is  4-02  ft.-lb.  per  sq.  ft. 

The  average  energ}'  required  to  effect  fracture  in  the  26  tests 
carried  out  in  both  series  of  bending  tests  is  3-73  ft.-lb.  per  sq.  ft. 
of  new  surface  produced. 

Compression  Tests. — Li  1906,  Adams  and  Coker  (^®)  tested  the 
cubic  compressibility  of  marble,  granite  and  other  rocks  without, 
in  any  case,  carrying  the  test  to  the  point  of  rupture.  In  Table 
XIII  is  given  a  summary  of  all  of  the  tests  carried  out,  in  which 
the  load  applied  was  8,000  lb.  The  compression  is  expressed  in 
raiUionths  of  an  inch  and  as  a  percentage  of  the  length  of  the  test 
pieces.  In  the  final  column  is  given  the  calculated  compression 
per  cent  which  would  obtain  on  the  basis  of  the  applied  pressure 
l>eing  10,000  lb.  per  sq.  in.  It  is  indicated  that  for  marble  and 
granite  the  compressibility  at  10,000  lb.  per  sq.  in.  is  approximately 
0-113  per  cent  and  0-139  per  cent  respectively.  It  is  interesting 
to  note  that  the  compressibility  of  plate  glass  is  0-095  per  cent. 

Similar  compression  tests  were  carried  out  at  the  Government 
Mechanical  Laboratory,  Cottesloe,  with  the  kind  assistance  of  the 
*  Director  and  his  staff. 

Eight  cylindrical  test  pieces  were  prepared  from  quartzitic 
diamond- drill  cores  of  1-in.  and  If -in.  diameter,  the  length  of  each 
test  piece  being  double  its  diameter.  The  ends  were  carefully  cut 
and  ground  so  that  they  were  exactly  parallel  to  each  other  and  at 
right  angles  to  the  long  axis.  The  actual  surface  of  the  test  pieces 
was  1-3  times  theoretical. 

Each  test  piece  was  compressed  until  fracture  occurred,  the 
broken   pieces   being  retained   by   means   of  a   guard   of  rubber 
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Table  XIII 

(After  AdaBQs  and  Coker) 

LENGTH  OF  Specimen  undek  Test  =  1-25  ix. 

Load  afflied  =  8,000  lb. 


Rock 

Cross 
Sec- 
tional 
Area, 
sq.  in. 

Load, 

lb. 

per 
sq.  in. 

Cotn- 

pression 

in 

Mil- 

lionths 

of 
an  inch 

■ 

Com- 
pression, 
per  cent 

Calcu- 
lated 
Com- 
pression, 
per  cent 

at 
10.000  Z6. 
per  sq.  in. 

Black  Belgian  Marble  

Oarrara  Marble  

0-922 
1033 
1029 
0-973 
0-755 

8,680 
7,740 
4,860 
8,220 
6;620 

960 
1,220 

800 
1,140 

900 

0-077 
0-098 
0064 
0091 
0072 

0084 
0-127 

Vermont  Marble    

0-132 

Tennessee  Marble 

0-111 

Montreal  Limestone 

0*109 

Average  for  Marble   

— 

01 13 

Italian  Granite  

0-750 
1029 
0-984 
0-855 
1012 
0-976 

10,670 
7,770 
8,130 
9,360 
7,910 
8,200 

1,720 
1,220 
1,210 
1,600 
1,470 
1,815 

1.090 

1,080 

920 

940 

0-138 
0098 
0097 
0-128 
0118 
0-145 

0-129 

■Scotch  Granite  

0-126 

New  Brunswick  Granite  ... 

Rhode  Island  Granite  

HassachusettR  Granite 

Quebec  Granite 

0119 
0-137 
0-149 
0177 

Averaee  for  Granite 

0-139 

Montreal  Svenitc   

1003 

.0-952 

0-800 

1-010 

7,980 

8,400 

10,000 

7,920 

0-087 
0-086 
0-074 
0-075 

0-109 

%■ 

Oucbfec  Essexite    

0-102 

Ontario  Olivine  Diabase  ... 
Plate  Glass 

0074 
0-095 
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insertion  tied  loosely  around  the  specimen.    The  average  loading 
rate  was  6  tons  per  minute  and  each  test  piece  was  under  com-  ] 
pression  for  about  three  minutes. 

The  compression  of  each  test  piece  up  to  the  point  of  fracture 
was  determined  by  measuring  the  distance  between  two  points  on 
the  upper  and  lower  jaw  plates  of  the  testing  machine  at  regular 
intervals  by  means  of  a  micrometer  gauge.  It  was  found  necessary 
to  apply  a  correction  to  the  figures  thus  obtained  due  to  take-up 
in  the  testing  unit.  This  correction  was  determined  by  preparing 
steel  test  pieces  of  the  same  dimensions  as  the  rock  test  pieces  and 
of  known  elastic  modulus  (80,000,000  lb.  per  sq.  in.).  These  steel 
pieces  were  tested  over  the  same  loading  range  as  the  rock  pieces, 
the  compression  being  measured  in  the  same  way.  The  difference 
between  the  observed  and  the  theoretical  deformation  of  the  steel 
pieces  at  any  load  was  then  subtracted  from  the  observed 
deformation  of  the  rock  test  piece  at  the  same  load. 

The  work  done  on  each  test  piece  up  to  the  point  of  fracture  was 
calculated  from  the  force  applied  and  the  deflection  produced  at  each 
intermediate  reading  in  the  same  manner  as  shown  in  Table  X. 

The  quartzitic  test  pieces  usually  broke  into  two  conical  pieces^ 
the  bases  of  which  constituted  the  relatively  undamaged  end  faces 
of  the  original  test  piece,  a  number  of  longitudinal  slivers  which 
frequently  approximated  to  the  full  length  of  the  test  piece  and 
originally  composed  the  cylindrical  surface  of  the  piece  and  a 
quantity  of  smaller  fragments  and  fines  from  the  interior  of  the 
test  piece.  In  Fig.  1  (Plate  III)  is  shown  the  total  component  parts 
of  No.  1  test  piece.  Fig.  2  (Plate  III)  shows  the  two  resulting  cones 
from  Test  No.  2,  alongside  the  corresponding  steel  test  piece.  .  Tests 
8,  4  and  5  were  carried  out  on  test  pieces  taken  from  the  same 
diamond-drill  core.  The  fractures  in  these  test  pieces  are  shown  in 
Fig.  8  (Plate  IV).  Test  pieces  6,  7  and  8  were  taken  from  another 
diamond-drill  core  and  the  resulting  fractures  are'  ^own  in  Fig.  4 
(Plate  IV).  It  will  be  observed  that  a  diagonal  fracture  with  very 
little  production  of  fines  occurred  in  Test  No.  8. 

The  fragments  were  graded  into  10  sizes,  ranging  from  1-in.  to 
200-me8h  material. 

The  areas  of  the  plus  J-in.  fractions  of  the  test  pieces  were  deter- 
mined by  Band  Mines  Laboratory  Method  No.  I. 

The  areas  of  the  minus  J-in.  and  plus  200-me&h  fractions  were 
determined  by  weighing  the  portions '  and  applying  the  factors 
shown  in  Table  II,  which  had  been  determined  on  similar  quartzitic 
fractions  by  Rand  Mines  Method  No.  II  and  the  permeabiUty 
Method  No.  Ill, 
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The  area  of  the  minus  200-mesh  fraction  was.  determined  by  the 
permeabihty  method  on  the  combined  minus  200-me8h  material 
from  all  of  the  tests.-  This  fraction  contained  58  per  cenL  of 
minus  325-mesh  material.     The  gradings  of  the  products  are  given 

in  Table  XIV.  Relevant  data  for  the  Compression  Tests  are  given 
in  Table  XV. 

Table  XV  discloses  that  it  requires  a  load  of  approximately 
^0,000  lb.  per  sq.  in.  to  crush  Witwatersrand  quartzites,  which 
agrees  reasonably  well  wJlh  the  finding  of  Weiss  (^•).  It  indicates 
also  that  at  a  pressure  of  80,000  lb.  per  sq.  in.  the  compression  is 
approximately  0*80  per  cent,  which  is  somewhat  less  than  that  for 
marble  and  granite  as  shown  in  Table  XIII. 

Tension  Tests, — Twelve  tension  tests  were  carried  out  at  the 
•Government  Mechanical  Laboratory  on  1-in.  diameter  Witwaters- 
rand quartzitic  diamond-drill  cores. 

Nothing  was  done  to  the  cores  to  ensure  fracture  at  any  pre- 
•determined  point,  therefore  the  point  of  fracture  was  unpredictable. 

-  The  cores  were  gripped  by  means  of  steel  chucks  specially  designed 
to  give  an  even  pressure  over  a  IJ-in.  length  at  each  end  of  the  core. 
The  pressure  within  the  grips  could  be  varied  by  means  of  a  nut 
operating  on  three  wedge  pieces.  The  grips  were  attached  to  the 
tension  machine  by  means  of  ball  and  socket  joints  so  that  the 
test  piece  automatically  aligned  itself  and  the  force  exerted  was 
<lefinitely  longitudinal. 

The  length  of  core  tested — i.e.,  the  distance  between  the  grips — 
was  varied  from  10-7  in.  down  to  2*7  in.  Each  test  piece  was  under 
tension  for  about  one  minute. 

During  each  test,  the  distance  between  two  fixed  points  on  the 
grips  was  measured  by  means  of  a  micrometer  gauge  at  loading 
intervals  of  200  lb.  The  extension  thus  measured  included  strains 
in  the  grips  and  in  the  portion  of  each  test  piece  within  the  grips 
and  therefore  a  correction  was  necessary. 

To  determine  the  correction,  three  further  tests  were  carried  out 
in  which  the  distance  between  the  grips  was  nil.  Theoretically,  in 
these  circumstances,  there  should  have  been  no  extension,  but  it 
actually  amounted  to  one-thousandth  of  an  inch  at  a  load  of 
2,600  lb.,  equivalent  to  0-00008  in.  for  each  200  lb.  of  load  applied. 

The  energy  inputs  in  the  12  tests  were  calculated  from  the  load 
applied  and  the  corrected  extensions  on  the  same  lines  as  shown  in 
Table  X. 

In  six  cases  fracture  occurred  between  the  grips,  in  two  cases 
at  the  grips  and  on  four  occasions  inside  the  grips. 
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The  area  of  each  fracture  face  was  determined  by  water  immersion 
as  in  the  case  of  the  shear  tests.  The  ratio  between  theoretical 
and  actual  fracture  area  was  found  to  be  smaller  (1*75  to  1)  than  in 
the  case  of  the  bending  tests,  which  suggests  that  tension  produces 
a  smoother  fracture  surface  than  bending. 

The  relevant  data  are  tabulated  in  Table  XVI. 

It  is  interesting  to  note  that  the  load  per  sq.  in.  required  to 

crush  Witwatersrand  quartzites  by  compression   (Table  XV)  is 

approximately  18  times  as  great  as  that  required  by  tension.    This 

confirms  results  found  by  Wyburgh  (*°)  on  South  African  building 
stones. 

DiBCUBsiON  OP  Experimental  Results 

A  summary  of  the  results  obtained  by  breaking  Witwatersrand 
quartzites  by  impact,  shear,  bending,  compression  and  by  tension 
is  given  in  Table  XVII. 

Due  to  the  fact  that,  in  the  impact  tests  on  lump  rook,  no 
correction  was  made  for  the  manner  in  which  the  test  pieces  may 
have  dropped  or  for  the  extent  to  which  they  or  the  resulting 
fragments  may  have  rebounded,  no  definite  conclusions  should 
be  drawn  from  these  tests. 

Likewise,  in  the  shear  tests,  due  to  the  fact  that  no  correction 
was  made  for  the  steel-ball  rebound,  etc.,  no  definite  conclusions 
should  be  made. 

Table  XVII  discloses  that,  notwithstanding  the  heterogeneous 
nature  of  Witwatersrand  quartzites,  there  is  a  reasonably  close 
relationship  between  energy  input  and  new  fracture  surface  pro- 
duced. For  example,  in  the  11  bending  test  summaries  given  in 
Table  XVII,  the  highest  result  is  5-05  ft.-lb.  per  sq.  ft.  of  new 
surface  and  the  lowest  2-89  ft.-lb.,  the  average  being  3-73  ft.-lb. 
per  sq.  ft. 

In  the  compression  tests,  the  production  of  1  sq.  ft.  of  new 
surface  area  required  8-36  ft.-lb.,  and,  after  crushing,  approximately 
30  per  cent  by  weight  of  the  test  pieces  was  reduced  to  miniLS  ^-in. 
material. 

It  is  significant  that  it  takes  virtually  the  same  energy  to  produce 
1  sq.  ft.  of  new  surface  area  irrespective  of  whether  the  rock  is 
merely  broken  into  two  pieces  or  shattered  into  many  fragments. 

In  the  tension  tests,  summarized  in  Table  XVII,  it  is  not  sur- 
prising that  the  energy  required  per  sq.  ft.  of  fracture  area  is 
roughly  j)roportional  to  the  length  of  the  test  piece  and,  indeed,  it 
may  be  deduced  from  these  results  that,  had  the  specimen  under 
test  been  2-0  in.  long,  it  would  have  required  2-3  ft.-lb.  per  sq.  ft. 
of  fracture  produced. 
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CRUSHING   AND   GRINDING   EFFICIENCIES.  27 

John  Gross  (^)  found  that  it  took  8-82  ft.-lb.  to  produce  1  sq.  ft. 
•of  new  surface.  His  areas  were  determined  by  the  hydrofluoric 
acid  method,  which  is  comparable  wuth  the  methods  described 
herein. 

Based  on  the  foregoing  evidence,  it  is  concluded  that  the  surface 
•area  produced  in  crushing  and  grinding  is  directly  proportional  to 
the  energy  absorbed,  which  is  in  accordance  with  Rittinger*8 
hypothesis  and  contrary  to  Kick's  theory.  It  is  further  concluded 
that,  in  crushing  and  grinding  Witwatersrand  quartzites,  it 
requires  approximately  3-5  ft.-lb.  to  produce  1  sq.  ft.  of  surface 
^rea. 

The  Determination  of  the  Efficiencies  of  Industrial 

Machines 

Based  on  the  finding  that  surface  area  produced  in  crushing  and 
grinding  is  directly  proportional  to  the  energy  consumed  and  that 
it  requires  8-5  ft.-lb.  to  produce  1  sq.  ft.  of  surface  area,  the  effi- 
ciencies of  crushing  and  grinding  machines  on  the  Witwatersrand 
can  be  calculated.  For  this  purpose,  the  mechanical  equivalent 
of  the  surface  area  produced  (3'5  ft.-lb.  per  sq.  ft.)  is  determined 
and  the  latter  is  expressed  as  a  percentage  of  the  power  available 
for  comminution  or  alternatively  as  a  percentage  of  the  total 
power  input. 

In  industrial  plants,  from  5  per  cent  to  10  per  cent  of  the  total 
power  input  may  be  dissipated  in  the  driving  motors.  A  further 
5  per  cent  to  85  per  cent  might  be  used  to  maintain  the  machines 
in  motion  without  any  load,  so  that  the  maximum  power  available 
to  achieve  crushing  and  grinding  may  only  amount  to  56  per  cent 
to  90  per  cent  of  the  total  power  input.  The  efficiency  of  the 
machines  is  best  expressed  as  a  percentage  of  the  power  available 
to  achieve  crushing  and  grinding. 

Efficiency  tests  have  been  carried  out  by  members  of  the  Metal- 
lurgical Staff  of  The  Central  Mining  and  Investment  Corporation, 
Ltd.,  on  rock  drills,  gyratory  crushers,  stamps  and  on  cylindrical 
mills  in  operation  on  the  Witwatersrand.  In  all  cases,  the  rock 
surface  areas  were  measured  by  one  or  other  of  the  three  methods 
in  use  at  the  Band  Mines  Laboratory.  All  electric  power  readings 
were  taken  with  test  watt-m6ters. 

Bock  Drill  Test. — At  Modderfontein  B.  Gold  Mines,  Ltd.,  a 
l-^Jf-in.  hole  was  drilled  underground  in  the  solid  rock  to  a  depth 
of  42  in.  in  three  minutes.  The  grit  and  slime  collected  from  the 
hole  weighed  4*57  lb.  and  it  was  all  minus  3-linear  mesh  coui^Amw^ 
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35  per  cent  mimiB  lOO-inesh.  The  surface  area  of  the  product  was 
500*0  sq.  ft.  per  lb.,  equivalent  to  a  total  surface  of  2,285*0  sq.  ft. 
The  surface  area  of  the  hole  was  1*1  sq.  ft.,  so  that  the  total  surface 
produced  was  2,286-1  sq.  ft. 

The  drill  operated  at  1,850  strokes  per  minute,  each  blow 
delivering  42*5  ft.-lb.  The  total  energy  apphed  in  three  minutea 
was  thus  235,875  ft.-lb.,  equivalent  to  108-2  ft.-lb.  per  sq.  ft.  of 
new  surface  produced. 

On  the  assumption  that  the  theoretical  requirement  is  8*5  ft.-lb. 
per  sq.  ft.  and  that  the  actual  power  consumption  was  108*5  ft.-lb. 
per  sq.  ft.  of  new  surface  produced,  the  efficiency  df  the  drilling 
machine  was  8-4  per  cent.  Considering  the  fact  that,  due  to  the 
sohd  nature  of  the  rock,  it  could  not  give  under  compression  and 
that  leverage  could  not  be  appUed,  this  would  appear  to  be  a 
satisfactory  performance. 

Gyratory  Crusher  Tests, — Three  tests  were  carried  out  at  the 
Durban  Roodepoort  Deep  mine  with  a  7-in.  Newhouse  crusher. 
The  feed  to  the  machine  consisted  of  washed  flus  1-in.  rock  ranging 
in  size  up  to  7-in.  pieces.    Relevant  data  are^ven  in  Table  XVIIL 

Table  XVIII  discloses  that  86*6  per  cent  of  the  total  power 
input  is  dissipated  in  motor  and  friction  losses,  etc.,  leaving  68-4 
per  cent  to  achieve  crushing.  It  discloses  also  that,  notwith- 
standing the  different  qualities  of  feed  and  the  different  crusher 
settings,  the  power  consumed  per  sq.  ft.  of  new  surface  produced 
is  reasonably  constant,  being  10-78,  11-10,  and  10*20  ft.-lb.  per 
sq.  foot.  This,  of  course,  supports  the  Rittinger  theory.  Table 
XVIII  indicates  that  the  efficiency  of  the  gyratory  crusher,  in 
terms  of  the  power  available  to  effect  cmshing,  is  82*8  per  cent. 

Table  XVIII  further  discloses  that,  although  the  feed  to  the 
crusher  contained  not  more  than  0-4  per  cent  of  minus  20-mesh 
material,  the  surface  area  of  the  latter  represented  87*1  per  cent 
of  the  total  surface  area  of  the  feed.  Likewise,  the  surface  area  of 
the  minus  20-mesh  fraction  in  the  resulting  product  averaged 
92-6  per  cent  of  its  total  surface  area. 

Stamp  Tests. — Three  tests  were  carried  out  at  the  Durban  Roode- 
poort Deep  mine  with  a  five-stamp  battery  in  the  100-stamp  mill. 
A  clean  graded  feed  was  used  and  all  conditions  for  the  tests  were 
similar,  with  the  exception  that  coarse,  medium,  and  fine  screening 
was  u^ed  in  the  first,  second,  and  third  tests  respectively.  The 
average  weight  per  stamp  was  1,490  lb.,  the  height  of  drop  was 
0-62  ft.,  and  the  number  of  drops  per  stamp  averaged  108-5  per 
minute.     Thus  the  potential  energy  in  the  five  stamps  was  14-5  h.p. 

Relative  data  for  these  tests  are  given  in  Table  XIX. 
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Table  XVIII 


Test  No. 


Type  of  feed 

CroBlier  setting 

ToDfl  crashed  per  hour   

H.p.  on  full  load 

H.p.  without  feed    

H.p.  available  for  crushing    ... 
Avculable  h.p.  per  cent  of  total 


Qradmg 


Feed 


Product 


Size 


— 7  in.  4-4  in.    .. 
in. +  2  in.    .. 

— 2  in.  -|- 1  in*    •  • 
lin.-fiin.    .. 
in.-i-6-mesh 

— 6       4-20   

—20 


2  in.  -f- 1  in-  •  • 
lin.-fjin.  .. 
'  in.4-6-me8h 

6       4-20    

—20    


Area, 
aq,  ft. 
per  lb. 


0-3 

0-6 

10 

2-4 

10-4 

27-5 

1366-8 


1-3 

2-8 

10-4 

26-7 

1368-3 


i*l).  crashed  per  minute 

^ew  surface  produced ;   sq.  ft. 

per  lb.  

^«w  surface  produced ;   sq.  ft. 

per  min 

^t.-lb.   available   for   crushing 

per  minute    

^t..-lb.  available  per  sq.  ft.  of 

new  surf  ace  

t.-lb.  required  per  sq.  ft.  of 

new  surface  (assumed )    

Iciency   based  on  available 

power,  per  cent    

^^fficiency  based  on  total  input, 

per  cent 


Coarse 
i  in. 
48-8 
49-8 
17-3 
32-5 
66-3 


Per 
CerU 

by 

Weight 


Sq.  ft. 
per  lb. 
origi- 
nal 


41-2 
50-7 
7-4 
01 
01 
01 
0-4 


1000 


401 

34-6 

15-6 

51 

4-6 


1000 


012 
0-30 
007 

001 
0-03 
6-47 


600 


0-52 
0-97 
1-62 
1-36 
62-94 


67-41 


1.627 
61-41 
99,914 
1,072.500 
10-73 
3-5 
32-6 
21-3 


Fine 
i  in. 
56-2 
48-4 
17-8 
30-6 
63-2 


Per 
Cent 

by 

Weight 


Sq.  ft. 

per  lb. 

origi' 

nal 


8-7 
26-2 
64-4 
0-1 
01 
01 
0-4 


1000 


39-8 

36-8 

15-4 

4-3 

3-7 


1000 


003 
0-16 
0-64 

001 
0-03 
5-47 


6-34 


0-52 
1-03 
1-60 
115 
50-63 


54-93 


1,873 
48-59 
91  009 
1.009.800 
•    11-10 
3-5 
31-5 
19-9 


Fine 
liin. 
68-7 
37-4 
14-3 
23-1 
61-8 


Per 
Cent 

by 

Weight 


12-9 
32-1 
53-9 
0-6 
0-1 
01 
0-3 


100-0 


56-6 

26-2 

11-4 

2-9 

2-9 


1000 


Sq.ft. 
per  lb. 
origi- 
nal 


0-04 
019 
0-54 
0-01 
001 
0-03 
4-10 


4-92 


0-74 
0-73 
119 
0-77 
39-68 


43- 11 


1,957 
38-19 
74,738 
762.300 
10-20 
3-5 
34-3 
21-2 
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Table  XIX 


Test  No. 


Screen  opening,  in 

Weight  of  ore  fed,  lb 

Ratio  water  to  soUds 

Tons  crushed  per  hoar 

H.p.  on  full  load 

H.p.  to  drive  shafting,  etc 

Potential  h.p.  in  stamps 

Available  h.p.  per  cent  of  total 


OfwUftg 


Jbeeci  . .. 


Product 


Size 


— 2  in.  -fliin* 
— H  in.  + 1  in. 
— lin.  -f-iin. 
— i  in.  4-6-me8h 
—6         -t-20     ... 
—20 


in. -f  Jin.     .. 
— i  in.  -f-  6-me8h 
— «       +20-  .. 
—20 


Area, 
sq,ft. 
per  lb. 


0-8 

35-9 

1-3 

60-6 

2-4 

2*6 

91 

01 

27-5 

01 

1356-5 

0-7 

3-3 

12-6 

27-2 

1013-8 


Lb.  crushed  per  minute 

New  surface  produced ;   sq.  ft. 

per  lb 

New  surface  produced ;  sq.  ft. 

per  min 

Ft. -lb.   available  for   crushing 

per  minute   

Ft. -lb.  available  per  sq.  ft.  of 

new  surface  

Ft. -lb.  required  per  sq.  ft.  of 

new  surface  (assumed)    

Efficiency   based  on  available 

power,  per  cent    

Efficiency  based  on  total  input, 

per  cent 


0-62 
4,800 
4-53/1 
2-796 

26-1 

11-6 

14-6 

55-6 


Per 

Cent 

by 

Weight 


1000 


4-4 
24-3 

22-8 
48-5 


100-0 


Sq,ft, 
per  lb, 
origi- 
nal 


0-31 

3,600 

4-84/1 

2-454 

26-0 

11-5 

14*5 

65-8 


Per 
Cent 

by 

Weight 


0-29 
0-79 
0-06 
001 
0-03 
9-50 


10-68 


015 

304 

6-20 

491-69 


501-08 


93-2 
490-40 
45,705 
478,500 
10-47 
3-5 
33-4 
18*6 


32-8 
62-8 
3-2 
0-3 
01 
0-8 


100-0 


18-9 
25-5 
55-6 


100-0 


Sq.ft, 
per  lb. 
origi- 
nal 


0-26 
0-82 
0-08 
0-03 
003 
10*85 


1207 


2-36 

6-94 

563-67 


572-97 


81-8 
560-90 
45,882 
478,500 
10-43 
3-5 
33-6 
18-7 


0-13 
3,000 
6-69/1 
2*196 
26-7 

n-2 

14-5 
66-4 


Per 
Cent 

by 

Weight 


22-6 

62*0 

14-8 

0-1 

0-1 

0-6 


100-0 


20 
29-4 
68-6 


100-0 


Sq.ft. 
per  lb. 
origi- 
nal 


0-18 
0-81 
0-36 
001 
0-03 
6-78 


8-17 


0-25 

8-00 

695-47 


703-72 


73-2 
695-55 
50,914 
478,500 
9-40 
3-6 
37-2 
21-0 


Table  XIX  discloses  that,  in  stamp  milling,  44-1  per  cent  of  the 
total  power  input  is  dissipated  in  motor  and  friction  losses,  etc., 
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leaving  55*9  per  cent  to  achieve  crushing.  It  discloses  also  that, 
notwithstanding  the  appreciable  increase  in  the  fineness  of  the 
product  from  the  finer  battery  screening,  the  power  consumed  per 
sq.  ft,  of  new  surface  produced  is  reasonably  constant,  being  10-47, 
10-43  and  9-40  ft. -lb.  per  sq.  ft.  This  agreement  again  gives 
support  to  the  Rittinger  theory.  Table  XIX  indicates  that  the 
efficiency  of  stamps,  in  terms  of  the  power  available  to  effect 
crushing,  is  84-7  per  cent. 

Immediately  foUoMring  the  foregoing  stamp  tests,  in  which  the 
feed  consisted  of  graded  minus  2-in.  plus  1-in.  rock  relatively  free 
of  fines,  normal  feed  containing  7-0  per  cent  of  minus  20-me8h 
material  was  restored  and  a  test  was  carried  out  to  determine  the 
production  of  heat  during  stamping. 

The  rate  of  feed  was  15*6  tons  per  stamp  per  24  hours,  equivalent 
to  107*6  lb.  sohds  per  minute  to  the  five-stamp  battery.  The  ratio 
of  water  to  solids  passing  through  the  0-62-in.  screen  was  4-21  to  1 
and  in  the  feed  sample  0*03  to  1.  The  specific  heat  of  the  ore  was 
taken  at  one-fifth  that  of  water — namely,  0-2.  Relevant  data  are 
given  in  Table  XX. 


Table  XX 


DetaiU 

Weight, 
lb,  per 
minute 

Water 
Equivalent, 
lb.  per  min. 

Tem- 
perature, 

B.T.U. 

per 
minute 

Enitring  Mortar  Bax — 

SoliHs  

Moisture  in  feed 

Water  added 

107-6 

3-2 

449-8 

21-5 

3-2 

449-8 

55-78 
55-78 
62-87 

1,199 

178 

28,279 

• 
Totals 

660-6 

474-5 

62-50 

29,656 

Leaving  Mortar  Box . . . 

560-6 

474-5 

63-57 

30,164 

Heat  produced • 

107 

508 

• 

Table  XX  discloses  that  608  B.T.U.  per  minute  were  produced, 
which  are  equivalent  to  12*0  h.p. 
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Thus  of  the  14*5  h.p.  available  to  aohieve  crushing  12*0  h.p.»  or 
82*8  per  cent,  were  registered  as  heat  generated  during  the  crashing 
operation.  In  a  similar  observation,  J.  Cook  {^)  accounted  for 
80  per  cent  of  the  input  energy  in  a  stamp  battery  by  heat 
conversion. 

Cylindrical  MiU  Tests, — At  the  Durban  Roodepoort  Deep,  Ltd., 
two  6  ft.  6  in.  by  20  ft.  cylindrical  mills  were  chosen  for  test  purposes, 
one  in  the  primary  and  the  other  in  the  secondary  grinding  circuit. 
An  additional  test  was  carried  out  on  a  secondary  5  ft.  6  in.  by  22  ft. 
tube-mill  at  the  Crown  Mines,  Ltd. 


Table  XXII 


Tube-MUl 

Details 

Weight, 
W,  per 
mmute 

Water 

Equiva- 

l^  lb. 

per  min. 

Tern- 
peratture. 

B.T.U, 

per 
minute 

T)iirbftn 

Entering  Tube-Mill— 
Solids  

1,910 
442 
431 

382 
442 
431 

7811 
79*49 

74-80 

29,838 

Deep 
Primary 

Moistiire  in  feed... 
Water  added  

Total    

35,135 
32,239 

2,783 

1,256 

77-46 

97,212 

Leaving  Tube-Mill... 

2,783 

1.255 

83-30 

104,642 

Heat  produced  

5-84 

7,330 

"OnrVjan 

Entering  Tube-Mill— 
Solids  

933 
286 
117 

187 
286 
117 

78-98 
78-80 
70-20 

14,769 

Deep 
Secondary 

Moistiu^  in  feed. . . 
Water  culded 

Total    

22,637 
8,213 

1,336 

690 

7715 

46,619 

Leaving  Tube-Mill. . . 

1,336 

590 

90-30 

63,277 

Heat  produced  

1316 

7,768 

Crown 

Entering  Tube-Mill— 
Solids  

600 

178 

33 

120 

178 

33 

7900 
7900 
74-52 

9,480 

Mines 
Secondary 

Moisture  in  feed. . . 
Water  added 

Total    

14,062 
2,469 

811 

331 

78-55 

26,001 

• 

Leaving  Tube-Mill... 

811 

331 

97-30 

32.206 

Heat  produced  

18-76 

6,206 

CRUSHING  AND   GRINDINO   BFFICIENCIBS, 
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The  duration  of  each  test  was  four  hours,  during  which  period, 
at  regular  intervals,  inlet  and  outlet  samples  were  taken  and  power 
readings  and  tonnage  determinations  were  recorded. 

After  the  tests,  the  power  required  to  operate  the  mills  when 
empty  was '  determined  and  the  difference  between  the  power 
required  to  operate  the  empty  mills  and  that  required  under  full- 
load  operating  conditions  was  accepted  as  the  energy  available  to 
-effect  useful  work.  • 

Relevant  data  are  given  in  Table  XXI  (Plato  II) . 

Table  XXI  discloses  that,  in  tube  milling,  12-6  per  cent  of  the 
total  power  input  is  dissipated  in  motor  and  friction  losses,  etc., 
leaving  87-4  per  cent  to  achieve  grinding.  It  discloses  that,  imder 
coarse  grinding  conditions,  it  required  14-18  ft. -lb.  useful  energy  to 
produce  1  sq.  ft.  of  new  surface,  whereas,  in  fine  grinding,  the 
requirement  averaged  16*02  ft. -lb.  per  sq.  ft.  Table  XXI  indicates 
that  the  efficiency  of  the  coarse  and  fine  grinding  mills,  in  terms  of 
the  useful  available  power,  was  24*7  per  cent  and  22*0  per  cent 
respectively. 

During  the  foregoing  tests,  measurements  were  taken  to  deter- 
mine the  amount  of  heat  generated  during  grinding. 

The  heat  developed  in  each  of  the  mills  is  shown  iij  Tables  XXII 
and  XXIII. 


Table  XXIII 


Power 

Input 

Heat 

generated 

B.T.U. 

per 
minute 

Power  E 
oj  Heal 

quivalent 
Produced 

Tube-MiU 

Total 
h.p. 

Avail- 
able 
h.p. 

H.p. 

Per  cent 
of  avail- 
able h.p. 

Durban  Deep  Primary'    ... 
Durban  Deep  Secondary'. . . 
Crown  Mines  Secondary... 

248- 1 
261-7 

185-8 

2220 
228-2 
158-7 

7.330 

7,758 
6,205 

172-8 
182-9 
146-3 

77-8 
801 
92-2 

Average 

231-9 

2030 

7,098 

167-3 

82-4 

Tables  XXII  and  XXIII  disclose  that,  of  the  203  h.p. 
available  to  perform  useful  work,  167*3  h.p.,  equivalent  to  82-4 
per  cent,  were  registered  as  heat  generated  during  grinding. 
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Discussion  of  Large-Scale  Experiments 

These  large-scale  experiments  indicate  the  following  efficiencies^ 
for  crushing  and  grinding  machines,  hased  on  the  power  available 
to  achieve  comminution  : 

G3rratory  crusher =    32-8  per  cent 

Stamps  =    34-7 

Cylindrical  mills    =.  23*4 

The  tests  also  disclose  that  over  80  per  cent  of  the  power  available 
to  achieve  comminution  is  converted  into  heat. 

The  tests  add  support  to  the  generally  accepted  behef  that  the- 
net  energy"-  input  is  directly  proportional  to  new  surface  produced. 

Conclusion 

In  conclusion,  the  author  wishes  to  express  his  appreciation  and 
thanks  to  the  Director  and  the  Staff  of  the  Government  Mechanical 
Laboratory  at  Cottesloe  for  willing  assistance  in  conducting  the^ 
compression  and  tension  tests  ;  to  Mr.  J.  J.  P.  Dolan,  Mr.  E.  N. 
Johnson  and  the  Staff  of  the  Rand  Mines  Mechanical  Laboratory' : 
and  to  Mr.  L.  Ackermann  of  The  Central  Mining  and  Investment 
Corporation  IVljetallurgical  Staff.  Mr.  Ackermann  virtually  canied  " 
out  all  of  the  small-  and  the  large-scale  tests  detailed  in  this  paper. 
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Subject  to  remsion.]    [A  Paper  issiied  on  March  14ihy  1946,  to  be 

submitted  for  disctission  at  a  Meeting  of 
the  Institution  of  Mining  and  Metallurgy,  to 
be  held  in  the  Apartments  of  the  Geological 
Society  of  London,  Burlington  House,  on 
Thursday,  April  llth,  1946,  at  5.30 
o'clock  p.m. 

A  Survey  of  the  Deeper  Tin  Zones  in  a  Part  of  the 

0am  Brea  Area,  Oomwall. 

By  Brian  Llewellyn,  Member. 

Introduction 

Much  has  been  written  on  the  topic  of  Cornish  mines  and  Cornish 
mining  and  many  observations  made,  frequently  contradictory. 
Evidence  is  often  fragmentary  and  inconclusive  and,  in  spite  of  the 
great  advance  in  geological  knowledge  during  the  past  half- 
century,  it  seems  unlikely  that  the  art  of  ore  finding  or  underground 
prospecting  will  ever  become  an  exact  science,  particularly  in  the 
case  of  tin. 

Wherever  possible  only  recorded  facts  and  substantiated  observa- 
tions have  been  included  in  this  paper ;  problems  of  metallogenesis 
and  tectonics  have  purposely  been  avoided,  for  it  is  not  the  intention 
of  the  author  to  present  a  geological  paper.  On  the  plan  a  few 
inferences  have  been  imavoidable  in  plotting  the  lodes  at  a  specific 
horizon  where  very  little  development  exists.  Although  the  course 
lines  of  the  lodes  are  often  shbwn  to  extend  for  1,000  ft.  or  more  it 
is  not  intended  to  convey  that  mineral  values  will  persist  through- 
out. It  is,  in  fact,  exceptional  for  this  to  be  the  case  with  Cornish 
lodes,  in  which  even  the  main  leader  may  disappear  for  several 
fathoms.  To  the  best  of  the  author's  recollection,  no  such 
ambitious  attempt  has  hitherto  been  essayed  and  certainly  no 
claim  to  finality  is  made  by  him. 

The  preparation  of  the  statement  of  copper  and  tin  production 
(Table  II,  Plate  I)  in  the  area  presented  numerous  difi&culties. 
Such  records  of  output  as  were  available  were  in  many  cases  known 
to  be  incomplete,  particularly  where  working  dated  back  more 
than  100  years  and  sales  records  were  not  available.  In  such 
instances    certain    assumptions    were    necessary    in    relation    to 
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Lodes 

The  *  right-running  '  lodes  vary  in  strike  from  N.  50°  E.  to 
N.  70°  E.,  true  bearing,  as  compared  to  the  average  strike  of  the 
€lvans,  which  is  N.  58°  E.  The  strike  of  the  caunter-lode  series 
varies  from  N.  80°  E.  to  N.  85°  E.  The  dip  of  the  majority  of 
lodes  is  over  70°  in  the  deeper  levels,  with  occasional  exceptions 
of  60°  and  even  50° — e.g.,  *  North  Pool '  lode.  The  average  lode 
width  as  exposed  by  development  in  recent 'years  has  been  about 
4  ft.,  although  widths  of  10  ft.  and  over  were  often  recorded  in 
South  Crofty  mine  in  the  past,  notably  on  the  upper  levels  of  the 
Middle  lode,  whilst  sections  of  the  Main  lode  of  Dolcoath  were 
■over  20  ft.  in  width,  and  stope  widths  greater  than  40  ft.  have 
been  recorded  in  that  mine. 

Fourteen  main  *  East  and  West '  lodes  appear  to  traverse  the 
area  at  the  horizon  specified,  although  probably  six  only  persist 
throughout,  and  these,  in  order  from  north  to  south,  are  set  out 
in  Table  I. 

The  four  principal  caunter  lodes  are,  from  north  to  south  : 
Tehidy  caunter.  Fortune  caunter,  Heeve's  lode  (also  called  *  Old 
Tom's '),  and  Longclose  caunter.  Reeve's  lode  is  by  far  the 
most  important  of  the  four  and  can  be  traced  almost  through  the 
area,  although  information  in  depth  to  the  north-west  is  lacking. 

MlXEllALIZATIOX    OF    LoDES 

Tlie  normal  downward  succession  of  economic  minerals  in  the 
area  is,  roughly  :  Copper  and  arsenic  ores  in  the  killas  from  surface 
to  the  upper  margin  of  the  granite  ;  wolfram  from  the  granite- 
killas  contact  to  60  fathoms  below  (although  occasionally  deeper)  ; 
tin  ore  from  the  contact  to  an  average  depth  of  200  fathoms  below 
the  granite.  Tin  generally  persists  to  a  greater  depth  in  the  north- 
dipping  than  in  the  south-dipping  lodes.  The  most  important 
accessory  minerals  are  :  Quartz,  tourmaline,  tiuorspar,  chlorite, 
iron  pyrites,  and  hsematite,  with,  more  rarely,  blende,  siderite, 
and  calcite. 

Manv  instances  have  been  recorded  of  the  occurrence  of  tin  ore 
above  copper,  which  has  again  given  place  to  tin,  and  the  author 
believes  that  iu  a  large  number  of  such  cases  the  explanation  is. 
provided  by  the  leaching  of  copper  from  the  upper  parts  of  lodes, 
since  denuded,  and  its  re-deposition  in  a  secondary  sulphide  form. 
3Iany  instances  also  occur  in  which  a  copper  lode  has  not  persisted 
downwards  as  a  tin  lode  and  frequently  there  has  been  inadequate 
search  to  provide  conclusive  evidence  as  to  the  cause.     Never- 
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theless,  the  general  law  of  succession  in  the  district  is  as  above* 
and  the  author  contends  that  insufficient  exploration  has  been 
done  in  recent  years  to  confute  its  general  applicabihty.  Apparent 
exceptions  may  often  be  ascribed  to  one  of  the  follo\\ing  causes  : — 

(a)  The  transition  or  copper-tin  zone  is  frequently  unpayable 
and  sinking  is  stopped  through  lack  of  funds. 

(h)  The  lode  has  been  disturbed  by  faulting  or  by  the  influence 
of  an  el  van. 

That  competent  observer,  Brenton  Synions,  writing  in  1884,  at 
a  time  when  a  large  number  of  mines  were  still  active,  recorded  : 

Liko  the  granite-loviug  tin,  copper  ores  are  occasionally  deposited  out-side^ 
the  strata  it  most  affects,  but  though  rich  bunches  have  been,  as  at 
Tresavean  and  Penstruthal,  worked  in  the  granite,  yet  a  copper  lode- 
entering  that  rock  generally  changes  to  tin,  nor  do  cupreous  ores  ever  reach 
the  depth  obtained  by  stannic  oxide.  The  sulphuretted  ores  of  copper  are 
found  in  connection  with  altered  rocks  and  prevail  in  the  greenstone  near 
the  junction,  notably  in  Carn  Brea  and  Gwennap  district*,  and  in  the 
greenstone  skirting  the  Western  cockst  of  the  Land's  End  district,  whilst 
the  yellow  ores  occur  mostly  in  slates  more  distant. 

In  1918,  an  eminent  mining  geologist,  Dr.  Malcolm  Maclaren, 
who  made  an  exhaustive  survey  of  this  district,  observed  : 

Since  in  the  Camborne^Redruth  area  copper  lodes  in  the  killas  and 
greenstone  are  normally  continued  downwards  cks  tin  lodes  in  the  granite,, 
the  question  of  depth  of  the  underlying  granite  beneath  the  killas  is 
naturally  one  of  prime  importanct\ 

Productiveness  of  Lodes 

The  north-dipping  lodes  are  coiliraonly  stronger  in  character 
than  those  dipping  to  the  south,  and  the  latter  are  never  stronj? 
in  their  upper  levels  in  the  killas  ;  in  consequence  their  outcrop  is 
difficult  to  trace  wherever  the  killas  is  deep  and  they  must,  there- 
fore,  be  prospected  in  the  granite.  North-dipping  lodes  which  are 
strong  in  the  granite  tend  to  fonn  branches  on  emergence  into  the 
killas  and  tin  ores  rarely  persist  upwards  to  any  distance  in  the 
killas,  except  in  proximity  to  an  elvan. 

South-dipping  lodes  frequently  have  a  '  linked  '  character  and 
consist  of  two  or  more  ramified  sections,  often  connected  bv 
caunter-running  spurs.  They  are  accordingly  difficult  to  follow. 
Their  walls  are  irregular  ;  so  is  their  mineralization. 

Gaunter  lodes  are  generally  pinched  and  ill-defined  in  the  granite 
and  their  mineral  contents  are  irregularlydi  stributed,  some  sections 
appearing  to  be  quite  barren  of  economic  minerals. 

Junctions  of  lodes  are  important,  especially  those  at  a  small 
acute  ande,   because   not   onlv   is   the  width  of  a   lode   usuallv 
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augmented   but  also  its  ore  content.     Occasionally   these  lod^s  , 
coalesce,  as  at  South  Boskear  mine,  where  the  Main,  Gaunter,  and 
Roberts  lodes  formed  a  junction  and  continued  together  for  300 
fathoms,  producing  the  rich  copper  deposits  for  which  Old  Roskear 
was  famous. 

El  vans,  which  usually  dip  northwards  at  angles  between  60** 
and  45°.  have  commonly  a  beneficial  influence  on  tin  lodes,  although 
the  intersection  of  a  lode  with  an  elvan  has  the  usual  effect  of 
splitting  the  former  into  numerous  stringers  which  are  difficult  to 
follow. 

Greenstones,  which  are  mostly  altered  dolerite  or  diabase  con- 
taining secondary  pyroxene,  have  in  the  past  e;cercised  an  important 
influence  on  the  productiveness  of  lodes  and,  in  fact,  on  all  mining 
activities  in  the  northern  part  of  this  area.  Few  lodes  wholly  in 
the  greenstone  were  profitable  and  these  were  exceptionally  strong 
copper-bearing  lodes  in  regions  abounding  in  actinolite,  which  is 
said  to  have  had  a  beneficial  influence  on  copper.  Certainly  no 
rich  tin  lodes  have  persisted  in  the  greenstone,  from  which  it  would 
seem  that  those  lodes  which  have  been  worked  profitably  in  l^ie 
past  down  to  the  greenstone  at  a  comparatively  shallow  dep»th 
are  certainly  worth  prospecting  at  a  horizon  below  such  influence. 
In  this  area  the  mines  affected  in  this  manner  are  North  /and 
South  Roskear,  Wheal  Croftr,  North  Croftv,  South  Croftv.  North 
Pool.  West  Tolgus,  South  Tolgus.  and  Great  South  Tolgus. 

Extension  in  Depth 

Dr.  Malcolm  Maclaren  has  ably  epitomized  the  coiiimoii 
experience  of  mines  in  this  area  and  the  author  cannot  do  better 
than  quote  from  his  comprehensive  report  of  1918  to  Messrs. 
Bewick,  Moreni^  and  Company  : 

• 

The  whole  experience  so  far  gained  from  the  deeper  workingvS  of  the 
Coniish  Mines  in  this  neighbourhood  points  in  one  (Hrection  only,  viz.  : — 
that  there  is  a  limit  to  the,  depth  of  tin  ore  bodies  in  the  granite.  The 
strongest  ore  body  ever  known  in  Cornwall,  that  of  Dolcoath,  ha«  failed 
at  the  510-lm.  level,  but  the  average  depth  below  adit  of  all  the  other 
ore-bodies  along  the  Dolcoath -Highburrow  Channel  was  much  less  than 
that  of  tho  great  Dolcoatli  oi*e  shoot.  PVw  of  the  others  reached  360 
fathoms  below  adit  ;  it  is  true  that  some  wei-e  carried  l)elow  that  level, 
but  with  one  exception  above-mentio!ied  (viz.  :  Dolcoath)  profitable 
mining  ceased  above  360  fathoms.  This  reprostmts  an  a\'erage  depth 
below  the  granito-killas  contact  of  some  200  fathoms  and  that  is,  in  my 
opinion,  the  greatest  depth  we  are  justified  in  expe<'ting  tin  ore.  Should 
it  be  obtaii\ed  at  greater  depth,  it  should  then  ))(»  regarded  as  an  unexpected 
stroke  of  good  fortune. 
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^It  may  be  contended  tliat  in  the  case  of  an  exceptionaUy  strong 
lode  channel  at  the  bottom  of  an  operating  mine  it  is  good  policy 
to  continue  downward  development  in  the  search  for  such  *  good 
fortune  '.  There  are,  however,  many  excellent  prospecjts  of  lateral 
extension  in  this  area  at  favourable  depths,  which  can  be  gauged 
by  a  study  of  the  contiji^uration  of  the  granite-killas  contour  lines. 
Much  unprofitable  exploration  could  be  saved  thereby  and  there 
«eems  to  be  no  geological  reason  why  the  lives  of  such  mines  as 
South  Crofty,  which  has  deepened  its  mine  at  the  remarkably  low 
average  rate  of  9  ft.  a  year  during  the  past  30  years,  should  not  Ife 
prolonged  almost  indeiinitely. 

By  reference  to  Table  II,  Plate  I,  a  mental  picture  may  be  drawn 
of  the  tin-ore  possilnlities  in  depth  of  those  mines  which  have 
formerly  been  worked  in  the  shallower  zones  onlj'.  There  seem  to 
be  good  grounds  for  supposing  that  tin  will  take  the  place  of  copper 
in  depth  and  in  an  average  proportion  approximately  vqnsA  to 
that  of  the  deeper  zone  mines,  in  tenns  of  comparative  ore  valaes. 

On  this  aasumption,  if  the  first  ratio  of  Table  II,  Plate  I,  be 
apnlied  to  the  second  group  of  mines,  the  corresponding  value  of 
the  tin  awaiting  exploration  is  then  £3,139,176x4-55,  whioh 
equals  £14,283,250,  less  the  value  already  extracted — viz. : 
£320,078  ;  equal  in  round  figures  to  £13,963,000.  At  present  tin 
prices  this  value  becomes  nearl}'  £51,000,000  sterling. 

History 

Within  the  limits  of  a  short  paper  the  author  does  not  propose 
to  give  a  detailed  account  of  the  history  of  mines  within  the  area 
and  confines  himself  to  the  following  condensed  observations. 
(See  also  Table  II,  Plate  I). 

To  the  south  the  mines  nearest  to  the  granite  outcrop,  whose 
lodes  would  therefore  be  normally  exhausted  at  a  comparatively 
shallow  dt'pth  befow  surface — viz.  :  Dolcoath.  Cook's  Kitchen, 
Tincroft,  and  Carn  Brea — mav  be  assumed  to  be  worked  out.  It 
is  true  that  possibiUties  still  remain  in  Tincroft  in  the  less  important 
lodes  at  deeper  levels,  also  in  the  easterly  extension  of  the  High- 
burrow  lode  in  Carn  Brea  sett,  but  it  is  doubtful  if  either  of  these 
mines  would  now  be  wortli  un watering. 

To  the  north-west  the  granite  lies  at  a  considerable  depth  below 
surface,  far  deeper  than  was  expected  in  1925,  when  the  sinking 
of  the  New  Koskear  shaft  was  commenced  with  the  intention  of 
exploring  in  depth  the  highly  profitable  North  and  South  Koskear 
lodes.  Most  of  the  lodes  opened  up  fioin  the  cross-cuts  at  the  foot 
of  this  shaft  were  above  the  contact  and  were  irresfular  in  the 
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killas,  as  might  be  expected.  The  discoveries  made  may  be 
regarded  a«  most  encouraging,  nevertheless,  whilst  the  two  lodes 
•explored  to  the  south  in  the  granite  were  distinctly  promising. 
The  sole  reason  for  ceasing  exploration  was  the  premature 
•exhaustion  of  capital,  due  to  prior  under-estimation  of  the  depth 
T)f  the  granite  and  the  thickness  of  the  greenstone. 

To  the  north-east  also  the  granite  is  exceedingly  deep,  this  depth 
surpassing  all  expectations  (and  especially  those  of  Dr.  Malcolm 
Maclaren,  the  consulting  geologist)  when  the  sinking  of  the  Tolgus 
Xew  shaft  was  undertaken  in  1928  for  the  purpose  of  exploring 
the  easterly  extension  of  the  East  Pool  Great  lode  and  other  lodes. 
A  few  tin  and  arsenic  values  were  obtained  by  diamond  drilling 
but,  generally  speaking,  the  main  value  of  the  latter  lay  in  the 
geological  information  obtained  and  ilie  work  was  not  done  at  a 
Javourable  Iwrizan.  This  was  reahzed  by  the  comps^ny's  engineers, 
when  they  advised  the  abandonment  of  the  project  after  the 
expenditure  of  a  large  sum  of  money. 

The  history  of  all  nnnes  in  the  north  of  the  area  is  very  similar. 
They  were  mos4ly  profitable  copper-producers  in  the  shallow  levels 
iu  killas,  and  they  were  nearly  all  abandoned  when  they  reached 
the  upper  greenstone  sill  at  a  depth  of  less  than  100  fathoms. 
•Some  had  the  courage  to  penetrate  the  upper  sill,  only  to  be  again 
baulked  by  the  lower  sill.  It  may  fairly  be  said  that  the  northern 
artta  has  never  been  prospected  in  depth. 

The  centre  of  the  area  is  at  present  being  worked  by  two  old- 
established  mines — viz.,  South  Croft}'  and  East  Pool  and  Agar. 
In  the  earlier  days  of  South  Crofty  the  lode  most  productive  in 
tin  was  the  31ain  (or  Middle)  lode,  with  important  additions  from 
the  south-dipping  No.  1  North  and  Prj-ce's  lodes.  These  lodes 
can  now  be  said  to  be  almost  worked  out  within  the  boundaries 
uf  the  South  Croftv  sett. 

« 

The  East  Pool  and  Agar  mines  enjoyed  many  years  v>f  prosperity, 
even  after  the  disastrous  collapse  of  the  two  East  Pool  hoisting 
shafts  ill  !May,  1921.  The  principal  lodes  worked  were  tht^  South 
and  Great  lodes,  Engine  lode,  New  North  lode,  and  KoLjers  lode, 
the  latter  forming  the  mainstay  of  the  mine  after  the  sinking  of 
the  Taylor  shaft  in  1922.  Thc^  easterly  exploration  of  the  Rogers 
lode,  confused  as  it  was  bv  elvans  and  cross-courses,  was  nei^lected 
when  the  ^loreing  lode  showed  early  signs  of  promise  and  the 
eviMi  more  promising  Tolgus  Tunnel  discovery  had  to  be  abandoned 
owing  to  pumping  difficulties.  Although  stnne  profitabh^  ore  was 
disclosed  in  the  No.  4  North  and  other  lodes,  generally  the  policy 
•of  lateral  exploration  was  not  vigorously  pursued  aft(»r  the  failure 


12  BRIAN  LLEWELLYN  :    A  SURVEY   OF  DEEPER  TIN 

to  disclose  any  important  lodes  in  the  1,600-ft.  North  cross-cut 
from  Taylor  shaft,  for  reasons  which  are  not  quite  clear  but  which 
probably  included  shortage  of  funds.  Preparations  were  made  in 
1941  to  abandon  the  mine,  the  remaining  ore  blocks  and  pillars  of 
which  were  stoped  out,  whilst  development  was  suspended  until 
the  East  Pool  and  Agar  company  was  enabled  to  prevent  flooding'- 
in  194*2  during  a  time  of  national  emergency  and  mining  operations 
were  re-commenced.  With  no  advanced  development,  it  was 
inevitable  that  the  milhng  grade  should  fall  and  that  the  cost  of 
tin  production  should  then  be  uneconomic. 

Tin  Ore  Zones 

If  a  line  be  drawri  on  the  plan  (Plate  II)  to  the  south  of  the 
1,900-ft.  granite-killas  contour,  at  a  distance  of  2,600  ft.,  which 
is  the  horizontal  equivalent  of  a  height  of  200  fathoms  or  1,200  ft., 
at  a  slope  angle  of  25°  (estimated),  then  it  will  be  seen  that  the 
area  enclosed  between  the  two  lines  represents  the  horizontal 
projection  of  a  triangular  prism,  within  which  lies  the  favourable 
tin  ground  underlying  the  killas  above  that  particular  horizon. 
On  either  side  of  this  zone  will  lie  naiTower  zones  where  tin  ore 
occurrenct*s  are  likely  to  be  irregular. 

The  interval  between  thie  deeper  levels  of  the  South  Crofty  mine 
is  now  2o  fathoms,  or  150  ft.,  and  it  will  be  seen  that  for  every 
150  It.  increase  in  depth,  the  favourable  depth  zone  will  be  north- 
wards approximately  330  ft.  For  example,  a  lode  which  is  approach- 
ing the  lower  limit  of  its  payability  at,  ntay,  the  310-fm.  level, 
would  be  quite  unpayable  at  335  fathoms  and  its  place  would  be 
taken  bv  another  lode,  at  least  330  ft.  to  the  north,  which  is  in  the 

t. 

corresponding  depth  z<me. 

The  limits  stated  are  not  strictly  correct,  for  the  upper  limit  of 
the  tin  zone  does  not  quite  coincide  with  the  plane  of  the  granite 
suiface  and  is  controlled  by  the  temperatun»  gradient.  For  all 
practical  jnu'poses,  however,  they  may  be  accepted. 

An  inspection  of  the*  plan  will  now  show  clearly  that  nearly 
ont'-third  of  the  \uu'  of  the  central  lodes  of  South  C'roftv  and  East 

t. 

Pool  and  A.^nir — e.g.,  Main  and  Great  lodes — between  the  Dolcoath- 
Cook's  Kitchen  (ireat  cross-course  and  the  Portreath  Railway 
crosf^-conrse.  lie  too  deep  in  the  granite  to  warrant  much  further 
expectation  of  protitabl«*  ore^above  the  1,900-ft.  horizon.  The 
remainder  lies  close  to  the  limiting  line.  It  will  also  go  far  to 
explain  the  absence  of  outstanding  values  in  recent  development 
of  the  deeper  levels  of  East  Pool  and  Agar,  notably  in  the  south- 
dipping  l<»drs,  which  have  less  persistence  in  depth. 
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That  large  areas  of  excellent  promise  remain  to  be  explored  -will 
be  obvious,  however,  and  the  author  has  marked  these  A,  B,  C, 
D,  and  E  on  the  plan. 

Zone  A, — This  lies  east  of  the  Great  cross-course  and  within  the 
old  setts  of  \Mieal  Crofty,  Longclose,  and  North  Crofty.  This 
zone  could  best  be  explored  by  cross-cuts  in  the  deeper  levels  of 
New  Cook's  Kitchen  shaft.  There  are  many  lodes  awaiting 
discovery,  some  of  which  appear  to  have  flat  intersections,  and  the 
past  records  of  the  old  mines  working  the  upper  levels  of  these 
lodes  are  outstanding. 

Zone  B. — West  of  the  Great  cross-course  and  within  the  old 
Dolcoath  and  South  Roskear  setts.  Two  lodes  have  already  beea 
partly  developed,  with  encouraging  results,  from  the  New  Eoskear 
shaft,  and  it  is  probable  that  at  least  two  more  exist  within  the- 
granite  margin. 

Zofie  C, — On  either  side  of  the  South  Crofty-East  Pool  boundary 
and  north  of  existing  development  points.  In  advancing  west 
the  East  Pool  1,900-ft.  West  drive  on  No.  4  North  lode  is  getting 
shallower  in  the  granite  and  values  may  be  expected  to  improve. 
The  presence  of  the  Trembath  lode,  10  ft.  to  12  ft.  in  width  and 
carrying  good  tin  values  higher  up,  is  also  suspected  in  this  zone. 
These  lodes  can  be  developed  from  either  South  Crofty  or  East  Pool. 

Zone  D. — Beyond  the .  Portreath  Railway  cross-course  ea^  of 
the  Taylor  shaft  of  East  Pool  and  Agar  ;  this  ground  is  beheved 
to  be  much  disturbed  and  is  heavily  water-bearing,  but  there 
appear  to  be  good  chances  here,  not  only  of  picking  up  the  extension 
of  the  Great  lode,  to  which  the  spectacular  values  exposed  in  the 
Tolgus  Tuimel  are  ascribed,  but  that  of  the  Rogers  and  other 
important  lodes.  This  zone  is  perhaps  somewhat  limited  in  extent, 
but  seems  to  be  well  worth  exploration.  Direct  entry  could  be 
made  by  a  central  tunnel  from  the  bottom  of  Taylor  shaft,  driven 
to  cut  and  follow  either  the  Rogers  or  Great  South  Tolgus  lodes, 
with  north  and  south  cross-cuts.  This  zone  is  somewhat  inaccess- 
ible at  present  and  cannot  be  properly  prospected  by  bore-holes. 

Zone  E. — This  is  on  tile  northern  limit  of  the  area  and  cannot  be 
properly  prospected  from  East  Pool  and  Agar,  except  hy  bore-hole. 
The  Daubuz  lode,  with  its  eastern  extension  (South  Tolgus),  was 
rich  in  copper  in  the  upper  levc^ls.  although  little  is  known  of  its 
western  extension  (Fane's  lode).  It  seems  doubtful  whether  the 
long  bore-hole  from  the  end  of  the  1,600-ft.  cross-cut  north  of 
Taylor  shaft  was  put  out  far  enough  to  reach  this  lode.  This 
bore-hole  might  well  be  extended  and  two  additional  holes  put 
out  on  either  side.     (See  also  Plate  II). 
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Factors  in  Exploration 

111  or(l(*r  to  explore  in  depth  the  mineral  posBibihties  of  this  area 
with  the  highest  efficiency  and,  therefore,  at  lowest  cost,  it  would 
be  desirable  that  the  two  operatin<:(  mines — viz.,  South  Crofty  and 
East  Pool  and  Af^ar — should  tirst  be  amaljjamated  ;  or,  at  least, 
that  thev  should  work  under  some  central  authority  which  would 
•direct  the  development  policy. 

It  is  vital  that  the  pumping  capacity  of  these  mines  should  be 
■considerably  increased  in  order  to  avoid  any  recurrence  of  ceasing 
development  of  a  wet  (and  probably  profitable)  lode  or  stopping 
work  aft(»r  cutting  an  inflow  of  water  in  a  cross-course,  owing  to 
the  danger  of  flooding  the  mine. 

Ventilation  should  be  so  laid  out  that  there  would  be  a  con- 
tinuous air  How  along  selected  main  drives  and  between  distant 
shafts,  and  the  ventilation  plan  should  be  kept  up  to  date. 

SUGGKSTED    PlAX    OF    EXPLORATION 

The  first  step  in  an  exploration  programme  would  be  the  holing 
of  the  815-fm.  West  drive  on  No.  2  North  lode  to  the  New  Roskear 
shaft,  after  first  unwatering  by  an  independent  pump. 

The  next  step  would  be  to  drive  a  through  connection  on  one 
of  the  northern  lodes  at  a  favourable  horizon.  The  No.  4  North 
lode  of  South  Crofty  at  Eobinson's  shaft  290-fm.  level  is  suggested 
and  holings  could  be  made  between  the  315-fm.  North  cross-cut 
from  Ni^w  Cook's  Kitchen  shaft  and  the  290-fm.  North  cross-cut 
from  Robinson's  ;  also  between  the  latter  and  the  1,600-ft.  North 
■cross-cut  fnnn  Ta^'lor  shaft,  via  rises. 

From  this  main  air  I5ase  cross-cuts  and  bore-holes  could  then 
be  put  out  northwards  at  intervals  as  indicated  b}^  exploration 
<ind  the  development  net  expanded,  aided  by  trial  rises  and  winzes. 

If  valuable  ore-shoots  were  exposed,  main  winzes  would  be  sunk 
^)n  one  of  the  northern  lodc^s  and  inter-connected.  Whenever 
sufficient  information  had  Ihm'ii  accumulated  in  regard  to  tlie  slope 
-«»1*  the  granite  surface  north  of  the  area  boundary  and  sufficivnt 
encouragement  t»xisted  to  warrant  a  more  direct  entry  into  deptli, 
tile  sinking  of  a  new  vertical  circular  shaft  could  be  considered. 
This  might  be  2.500  ft.  to  3,000  ft.  in  depth  and  be  located  to 
strike  the  boss  of  the  granitt*  at  its  apical  position. 

CONCLI'SION 

A  study  of  the  25-in.  plan,  together  with  the  foregoing  ncites, 
shows  that  an  extensive  mineralized  area  remains  which  warrants 
exploration.  The  potential  value  of  tin  ore  alone  is  around 
£50,000,000  in  this  an»a. 


ZONES  IN  PAKT  OF  CARN  BREA  AREA,  CORNWALL.   ll^ 

Many  lodes  traverse  the  area  and  no  surv^ey  of  national  mineral 
resources  would  be  complete  without  further  knowledge  of  the 
deep  zones  to  the  north  of  the  area. 

The  ar^a  has  been  so  little  explored  that  diamond  drilling  alone 
would  not  provide  sufficient  information  and  exploration  bv  means 
of  drivages  is  therefore  required.  The  district  has  been  so 
thoroughly  prospected  at  surface  in  the  past  that  it  would  be 
unlikely  that  new  discoveries  at  surface  would  give  rise  to  new 
mines  :  hence,  if  the  existing  mines  were  allowed  to  flood,  it  is 
probable  that  the  mineral  resources  in  the  area  above  referred  to 
would  be  pennanently  lost. 
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APPKXDIX 


NOBTH   CbOFTY 

The  ground  was  oriEJnally  worlied  ae  Trevenaon  Mine,  after  which  it 
wBS  amalgajnaWid  with  Long  CIohp  and  Dudnanc©  Mines,  to  the  south,  and 
worked  aa  East  Crofty.  A  few  yoa™  ago  the  ground  was  again  divided 
in  North  Crofty  and  South  Crofty — thu  formeF,  lying  to  the  north  of  the 
tum-pike  road,  comprising  the  old  Tre\'eiison  ground  ;  and  the  latter, 
lying  to  the  south  of  the  road  (adjoining  Tincroft  and  Cook's  Kitchen), 
including  the  Long  CIoHe  and  Dudnance  ground. 

The  moat  important  lode  in  this  aott  is  Reovo'g  Lode,  bearing  about  25' 
N.  of  W.  magnetic  (or  3°  N.  true  W.),  and  underlying  north  from  18  inches 
to  2  feet  per  fathom.  The'  other  important  lodes,  to  the  south  of  Reeve's, 
are  the  Trevensoa  or  Engine  lode,  bearing  about  W.  2°  N.,  and  underlying 
north  2}  feet  per  fathom,  which  as  hereafter  stated,  foils  into  Reeve's  lode 
going  OBHt  :  and  the  Cherry  Garden  lode,  bearing  some  degrees  to  the  south 
of  west,  and  underlying  south.  Above  the  10-fm.  level,  the  Trevenson 
and  Cherry  Garden  lodes  are  together,  and  have  the  same  back  upwards— 
at  that  level  they  dii-erge  in  opposite  underlays,  the  Trovenson  dipping 
north,  and  Cherry'  Garden  south.  To  the  north  of  Reeve'n  lode  is  Fane's 
loite,  bearing  W.  8'  S.,  and  underlying  north. 


H  i-Ool  .MilKI 
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Above  the  43.  Between  Rule's  and  Doctor's,  the  ore  made  to  the  70 ; 
between  Doctor's  and  Praed's,  it  made  to  the  80 ;  and  west  of  Praed's* 
the  lode  was  productive  to  the  100  and  even  deeper.  This  dip  of  the  ore 
is  to  be  accounted  for  by  the  junction  of  the  lode  with  an  el  van  course, 
bearing  about  12"^  S.  of  W.,  and  underlying  north  6  feet  in  a  fathom,  or  at 
angle  of  45'^.  This  el  van  course,  which  is  also  met  with  in  North  Roskear 
Mine  to  the  west,  consequently  intersects  Reeve's  lode  at  an  angle  of  37°, 
and  overtakes  it  in  the  imderlie.  The  point  of  intersection  between  the 
lode  and  elvan  at  surface  is  in  the  extreme  eastern  part  of  the  workings, 
about  Pool  Village  ;  but  corning  west  this  deepens  rapidly,  pcwsing  through 
Rule's  shaft  about  the  43,  but  not  being  met  with  in  the  60  until  about 
15  fathoms  west  of  Doctor's,  and  not  at  the  Engine  shaft  until  about  the 
150.  The  copper  ore  deposits  on  Reeve's  lode  evidently  ma<le  abwe  this 
elvan,  and  consequently  dipped  with  it.  The  Trevenson  (or  Engine)  lode 
makes,  it  will  be  seen,  an  angle  of  about  23°  with  Reeve's  lode,  and  (lying 
to  the  south)  also  overtakes  it  in  the*  underlie.  The  Engine  shaft  and 
Praed's  shaft  shown  in  the  section,  are  really  sunk  from  surface  on  this 
lode,  but  the  latt^  comes  into  Reeve's  lode  about  the  70,  although  the 
Engine  shaft  does  not  come  into  it  until  a  little  above  the  170,  although 
below  the  100,  the  Engine  lode  dwindles  to  nothing  :  Rule's  and  Doctor's 
shafts  are  entirely  on  Reeve's  lode.  The  Engine  shaft  is  sunk  perpen- 
<licular  to  the  12,  and  below  that  on  the  north  underlie  of  the  Engine  lode 
to  ita  intersection  with  Reeve's  at  the  170.  The  distances  east  from  this 
shaft  to  the  point  of  junction  of  the  two  lodes,  are  as  follows,  at  the  levels 
given  :  At  the  60,  88  fathoms  ;  at  the  70,  66  fathoms  ;  at  the  80,  52 
fathoms  ;  at  the  90,  48  fathoms  ;  at  the  1(X),  38  fathoms  :  and  at  the  I10» 
18  fathoms. 

Cherry  Garden  lode  has  made  considerable  returns,  both  above  and 
below  the  elvan  (which  intereeets  it  much  shallower  than  it  does  the  lodes 
to  the  north),  but  principally  below  it.  The  productiveness  of  this  lode, 
however,  was  never  anything  to  bo  compared  with  the  others. 

Compared  with  the  great  lodes  of  the  district.  Reeve's  lode,  l)oaring  as 
it  does  so  much  to  the  north  of  west,  is  a  strong  camiter.  Yet  it  is  a  lode 
of  great  strength,  and  through  its  run  has  been  very  productive.  In  the 
eastern  part  of  North  Crofty,  it  maile  a  magnificent  deposit  of  copper  at 
the  old  Pool  Mine,  under  the  village  of  that  nanie  ;  and  westward,  it  was 
also  extremely  productive  at  Wheal  Crofty,  now  in  North  Roskear  sett, 
where  it  is  called  the  Gi'eat  Counter.  This  lode  also  goes  into  Wheal 
Seton,  and  altogether  it  is  the  main  one  of  this  run.  East  of  Rule's  shaft, 
the  back  of  Reeve's  lode  is  in  South  Crofty  sett,  but  as  it  underlies  north, 
the  deeper  parts  are  in  North  Crofty  8ett. 

Under  the  (:ivan.  Reeve's  lode  thus  became  poor,  so  much  »o,  that, 
although  the  mine  had  been  sunk  by  the  old  party  to  below  the  170,  the 
two  bottom  le\oIs  were  abandoned  and  the  water  let  into  th(^  150,  about> 
14  years  ago.  It  is  only  within  the  last  month  that  this  has  be<^n  forked, 
and  the  170  tn\ii&  commenced  driving.  The  170  west  is  now  tiriving  by 
4  men  at  7/.  per  fathom,  in  a  lode  from  4  to  6  feet  wide,  turning  out  1.^0 
tiacks  of  work  per  fathom,  worth  3  cwt.  of  tin  per  100  sacks,  giving  4^  cwt. 
of  tin  per  fat  lion).  The  170  west  is  driving  by  4  men  and  4  boys  at  8/. 
per  fathom  ;  the  lode  here  is  small  and  poor,  but  the  end  is  being  pushed 
oil  to  get  under  the  eastern  tin  ground,  to  reach  which  tliero  is  about 
40  fathoms  of  ground  to  drive. 
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Tlie  eti8t<3ni  tin  ground  in  North  Crofty  lies  about  Rule's  and  DoctorV 
ishaft.  The  best  end  in  the  mine  tit  prescMit  is  the  150  east,  which  is  now- 
being  <lriven  by  6  men  at  7/.  10^.  per  fathom.  The  lode  is  not  large — not 
excoetling  1  foot — but  it  prodiioos  very  ricli  work,  varying  from  10  to  12, 
and  lo  cwt.  j)er  1(K)  sacks,  up  to  as  high  as  22  per  100  for  some  journeys. 
The  lo<Ie  produces  about  7."»  sacks  per  fathom,  and  for  the  last  4  fathoms 
lias  turned  out  2J  tons  of  tin,  which  gives  a  produce  of  15  cwt.  per  100 
sacks,  or  7 1  per  cent — ver>'  rich  work.  The  character  of  the  lode  here  is 
also  good,  although  it  is  small  for  the  district.  At  the  back  of  50,  to  the 
west  of  this  end,  a  stope  is  working  by  4  men  at  3/.  5».  per  fathom,  on  a 
lode  fiom  3  to  4  ft.  wide,  producing  work  worth  6  cwt.  jDor  100,  giving  a 
lo<le  worth  about  30^.  per  fathom. 

Above  this  level,  the  140  end  east  is  being  di*iven  by  4  men  at  8/.  per 
fathom,  on  a  lode  which  is  now  poor  and  disorderetl,  but  has  been  worth 
from  10/.  to  15/.  per  fathom.  Ui»<ler  the  120,  scweral  stopes  are  working 
on  a  lode  producing  coarse  work  for  tin.  Below  the  150,  east  of  Praed's^ 
shaft,  a  winze  is  sinking  by  4  men  at  SI.,  in  a  lode  prodiiciiig  a  little  cop|x.M* 
and  tin  :  wuize  now  down  betwtn^n  2  and  3  fathoms. 

These  are  the  main  points  of  operation  at  present  at  North  Crofty.  The 
driving  of  the  150  ecust  to  the  slide  will  be  an  interesting  point :  hitherto, 
in  the  bottom  levels,  that  is  below  the  110  where  the  slide  is  first  seen,  the 
lode  h^  not  been  ti'aced  beyond  the  sUde,  which  so  disorders  the  grouiKi 
as  to  render  its  recognition  afterwards  iutposaible.  The  driving  of  the 
170  east  also,  to  come  up  under  the  eastern  run  of  tin  ground  is  also  a 
point  of  much  importance.  It  may  fairly  be  doubted,  however,  whether 
this  run  of  tin  ground  in  the  150  east  is  {"ealiy  so  important  as  that  met 
with  in  the  170  west,  where  the  lode  is  so  much  larger,  and  wlnere  the  tin 
seems  to  continue  in  the  dip  of  the  copper  in  the  upper  levels. 

Wliethcr,  under  the  rich  deposits  of  copper  long  since  worked  away. 
North  Crofty  will,  like  her  neighbours  to  the  south,  make  a  profitable  mine 
in  (h'pth  for  tin  is  a  matter  upon  which  as  yet  it  is  scarcely  possible  to 
speak  positively.  Tin  which  would  pay  to  come  a^-ay  was  first  met  with 
3  fathoms  above  the  110,  and  in  that  Iov»*l  it  madj*  for  50  fathoms  long, 
low  quality  work.  But  considering  altogcthei"  the  (character  of  the  lode  ; 
and  taking  also  into  account  the  recent  discovery  of  granite  at  East  Pool, 
immediately  to  the  east  of  North  Crofty,  which  shows  us  that  we  may 
expc<'t  to  meet  with  that  rock  at  a  jnuch  less  depth  than  we  could  before 
have  anticipated:  the  prospcH-ts  seem  d«»cide<lh*  in  favour  of  the  mine: 
Increased  depth,  howev<»r,  is  probably  requiivd.  b<'fore  permanently 
remunerative  deposits  of  tin  are  met  with,  and  this  will  take  time  ;  but 
with  timt',  I  cAJi  see  no  reason  why  North  Crofty  shsll  not  make  a  deep 
tin  min<*.  The  first  step  towards  prowM-uting  the  mine  in  depth  has  just 
been  taken  in  forking  the  water  from  the  170,  an<l  the  success  which  has 
attentlcd  this — a  goo<l  lo<le  being  found  in  6  ft.  driving  west — should  be 
an  onconragement  for  furtli«'r  explorations  in  depth.  In  this  district,  tin 
has  only  been  met  with  in  valuable  quantities  under  the  rich  copper 
deposits  by  sinking  through  a  considerable  dci)th  of  comparatively  poor 
and  unproductive  ground  ;  and  the  key  to  success  seems  to  b«^  the  notressar>- 
lourag*^  to  do  this.  It  may  be  well  to  remark  that  thei-e  is  probably 
another  elvan — the  8outh  Hoskt*ar  elvan — to  be  me*t  \^ith  in  North  Croft v 
in  drpth. 
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North  Crofty  is  under  the  management  of  Captain  Joseph  Vivian,  so 
well  known  as  the  manager  of  the  adjoining  mine  of  North  Roekear.  Since 
he  has  been  here  Captain  Vivian  has  had  up-hill  work,  for  he  took  the  mine 
when  abandoned  by  the  late  adventurers  in  East  Crofty,  principally  for 
the  sake  of  North  Roekear.  From  a  concern  deemed  hopeless,  even  by 
the  lords  and  their  agents,  for  they  were  the  principal  adventurers.  North 
Crofty  has  now  been  worked  into  the  position  of  a  favourite  progressive 
mine.  The  other  agents  are  Captcun  William  Thomas  and  Captain  George 
Bennetts,  the  purser  being  Mr.  Almond  E.  Paull  of  Camborne. 

When  Reeve's  lode  is  not  productive  it  generally  partakes  of  a  flucany 
character.  It  also  often  makes  a  flucan  part  parallel  to  the  main  part  of 
the  lode,  or  separated  from  it  by  a  ''  horse  "  of  ground.  Thus  in  the 
eastern  part  of  the  mine  the  tin  ground  below  the  110  has  made  in  connection 
with,  or  rather  parallel  to,  a  flucan  of  this  kind. 


*^*  Exhra  copies  of  this  paper  may  be  ohtamed  at  a  cost  of 
Is.  9d.  each,  at  the  office  of  ihe  Institution,  Salisbury  House, 
Fin^mry  Circus,  London,  E,C,  2. 
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FOURTH  ORDINARY  GENERAL   MEETING 

OP   THE 

FIFTY-FIFTH     SESSION 

Held  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

PiccadiUy,  W.l. 

ON 

Thursday,  January  17th,  1946. 


THE  LATE  PRESIDENT 

Dr.  J.  Q.  Lawn,  Hon.  Treasurer,  who  took  the  Chair  at  the 
opening  of  the  proceedings,  referred  in  terms  of  great  regret  to 
the  death  of  the  President,  Colonel  Edgar  Pam.  He  was  a  man,  he 
said,  who  had  occupied  many  positions  of  eminence  and  had  fulfilled 
them  all  with  capacity  and  success.  In  the  last  war  he  was  pro- 
minent in  the  Royal  Engineers  and  in  this  war  he  worked  very 
hard  and  long  in  various  sections  of  the  war  effort.  From  the  point 
of  view  of  the  Institution  his  death  was  a  great  loss.  He  was 
keenly  interested  in  its  progress  and  full  of  ideas  for  its  future.  They 
would  miss  him  very  greatly.  In  tribute  to  his  memory  and  as  an 
expression  of  sympathy  with  his  family,  he  asked  those  present  to 
stand  for  a  few  moments  in  silence,  and  this  was  done. 

Election  op  New  President 

Dr.  Lawn  then  announced  that  Mr.  G.  P.  Laycock,  Presi- 
dent-Elect, who  had  for  many  years  served  on  the  Council  of  the 
Institution  and  had  also  been  Acting  President  during  Colonel 
Pam*8  long  illness,  had  been  appointed  President  for  the  remainder 
of  the  current  session.  He  was  sure  that  the  Institution  would 
flourish  under  his  presidency  and  that  he  would  be  a  great  asset  to 
them. 

Mr.  Laycock  was  then  inducted  into  the  Chair.  He  said  how 
much  he  appreciated  the  high  honour  conferred  upon  him  by  the 
Council  and  that  with  their  guidance  and  the  assistance  of  the 
very  capable  secretariat  and  staff  he  would  do  his  best  to  maintain 
the  prestige  of  the  Institution  and  the  high  standard  set  by  ^t^^v:^\ia^ 
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ocoupAnts  of  the  Chair.  He  fully  realized  that  this  would  be  no 
easy  task.  His  only  regret  was  that  it  should  have  become  necessary 
for  him  to  take  office  somewhat  ahead  of  the  usual  date  owing  to 
the  great  loss  they  had  all  suffered  in  the  death  of  Col.  Pam. 

He  announced  that  in  future  it  was  hoped  to  hold  meetings 
monthly  instead  of  bi-monthly,  but  that  owing  to  paper  still 
being  strictly  rationed  it  would  not  yet  be  possible  to  publish  the 
BuUetin  every  month. 


DISCUSSION 

ON 

Notes  on  the  Development  of    the  Blyvooruitzicht 
Oold  Mining  Oo.,  Ltd.,  South  Africa. 

By  A.  Savilb  Davis,  Member. 

Dr.  F.  E.  Keep  introduced  the  paper  in  the  absence  of  the 
author.  He  said  that  Mr.  Davis  had  made  a  comprehensive  survey 
of  the  operations  at  this  property  since  the  inception  of  the  Bly- 
vooruitzicht Gold  Mining  Company  in  1987.  Mr.  Savile  Davis  was 
appointed  manager  of  the  company  in  1940  and  accordingly  had 
a  very  intimate  knowledge  of  the  dif&culties  which  had  been 
encountered  and  the  victories  which  had  been  won  during  the 
major  portion  of  the  company's  existence. 

The  author  pointed  out  that  owing  to  the  outbreak  of  war  it 
was  impossible  to  carry  out  the  normal  procedure  in  the  financing  of 

a  large  South  African  mine  and  that  capital  funds  only  permitted 
the  completion  of  No.  1  shaft  to  5,042  ft.  depth,  the  sinking  of  No.  2 
shaft  below  2,255  ft.  being  suspended  until  the  profits  won  from 
the  treatment  of  development  ore  were  sufficient  to  pay  for  the 
completion  of  sinking.  At  the  present  time  No.  2  shaft  had  reached 
a  depth  of  5,078  ft.  and  a  connection  on  No.  6  level  at  4,880  ft. 
below  the  surface  had  been  made  between  the  two  shafts.  Owing 
to  the  provisions  of  the  South  African  Mines  and  Works  Regulations 
stoping  was  not  permitted  in  a  single  exit  mine  on  account  of 
ventilation  difficulties,  so  that  it  had  not  been  possible  to  treat  any 
ore  other  than  that  won  from  development  faces  since  milling  was 
started  early  in  1942.  It  would  be  realized  how  war  conditions  had 
extended  the  time  between  the  commencement  of  sinking  and  of 
mining,  a  period  of  eight  years  having  elapsed,  with  several  months' 
delay  yet  to  follow,  before  treatment  of  stoped  ore  on  any  consider- 
able scale  could  be  expected.  A  normal  time  under  Far  West  Band 
conditions  might  be  five  or  six  years. 
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Mr.  Savile  Davis  described  the  method  used  in  shaft  sinking 
throngh  the  8,957  ft.  of  dolomite  overlying  the  rocks  of  the  Wit- 
watersrand  System  in  the  No.  1  shaft  area.  The  members  of  the 
Institution  would  be  able  to  realize  the  amount  of  organization, 
professional  skill,  and  anxiety  which  were  involved  in  this  under- 
taking. The  author  did,  indeed,  point  out  that  at  the  start  of 
development  considerable  anxiety  was  felt  as  to  the  possible 
results  of  intersecting  a  water  fissure  in  which  large  quantites  of 
water  under  a  pressure  of  1,800  lb.  per  square  inch  would  be  ex- 
pected to  occur  and  described  the  events  which  followed  when  a 
l|-in.  diameter  diamond-drill  pilot-hole  cut  a  fissure  and  a  flow  of 
50,000  gallons  per  hour  resulted. 

The  experience  gained  during  this  work,  freely  made  available 
as  it  was,  should  be  extremely  valuable  to  those  who  may  have 
similar  problems  with  which  to  contend. 

It  was  noteworthy  that  wet  kata-thermometer  readings  in  the 
development  ends,  many  of  which  were  several  thousand  feet  from 
No.  1  shaft,  averaged  10  milUcalories  per  square  centimetre  per 
second,  such  a  result  showing  the  success  with  which  the  problem 
of  ventilating  dead  ends  distant  from  the  shaft  had  been  met. 
Drilling  and  blasting  practice  in  development,  although  varying 
little  from  standard  methods,  had  evidently  been  carried  to  a  high 
degree  of  efficiency,  as  shown  by  the  average  rate  of  advance  of 
over  7  ft.  per  round,  the  use  of  a  type  of  '  bum  *  cut  permitting  an 
advance  of  120  ft.  in  12  rounds  in  one  8-ft.  by  8-ft.  end.  Blasting 
was  only  permitted  to  take  place  once  in  24  hours,  so  that  the 
maximum  length  of  round  possible  in  a  shift *s  work  was  the  object 
at  which  one  aimed.  These  successful  results  followed,  as  the 
author  emphasized,  from  the  use  of  the  *  bum  '  cut,  a  type  of  cut 
which  was  also  gaining  favour  in  other  mining  fields. 

The  high-grade  of  the  ore  developed,  averaging  15  dwt.  per  ton 
over  an  assumed  s toping  width  of  45  in.,  was  surprising  when  it 
was  reahzed  that  the  gold-bearing  reef — the  Carbon  Leader — was 
rarely  above  9  in.  in  thickness.  TThe  reef  was  described  by  the 
author  as 

an  insignificant-looking  collection  of  small  pebbles  set  in  a  dark  matrix 
containing  carbon,  pyrite,  pyrrhotite,  and  a  consistently  large  quantity  of 
gold  ...  A  carbon  seam  is  practicftlly  always  present  on  the  footwall 
parting,  varying  from  a  pencil  line  to  f  in.  thick,  and  only  in  this  seam  has 
visible  gold  been  found,  either  spread  like  butter  on  the  upper  and  lower 
carbon  contacts,  or  as  vertical  threads  in  fractures  of  the  soft  satin-like 
carbon. 

The  speaker  had  written  to  Mr.  Savile  Davis  and  a^ked.  \miv 
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could  send  him  some  specimens  ;    these  he  had  received  and  they 
were  passed  round  the  meeting. 

The  author  also  discussed  the  stoping  methods  which  it  was 
tentatively  intended  to  use  and  it  was  to  be  hoped  that  the  present 
paper  would  be  followed  by  one  descriptive  of  the  success  which 
might  be  achieved  by  the  various  modifications  which  would  be 
tried  out.  The  control  of  the  hanging-wall  in  deep  mines  was  only 
equalled  in  importance  by  the  efficiency  of  the  ventilation  arrange- 
ments and  it  was  interesting  to  note  that  waste  packing  would  be 
used  extensively  in  this  mine. 

In  the  small  10,000-tons  per  month  capacity  reduction  plant  verj- 
satisfactorv  extraction  results  had  been  obtained.  The  actual 
figures  for  the  year  ending  June  80th,  1945,  were  97.88  per  cent 
extraction  with  recovery  of  11.115  dwt.  per  long  ton  and  residues  of 
0.240  dwt.  per  ton.  Only  development  ore  was  treated,  with 
surface  sorting  of  18.03  per  cent  of  waste. 

In  conclusion  a  tribute  must  be  paid  to  the  completeness  of  the 
picture  portrayed  by  the  author  and  one  was,  he  was  sure,  only 
expressing  the  feelings  of  the  members  of  the  Institution  when  the 
hope  was  again  expressed  that  Mr.  Savile  Davis  would  submit  a 
later  paper  giving  his  experience*  after  full-scale  stoping  had  been 
in  progress  for  some  time  at  the  mine. 

Dr.  J.  G.  Lawn  congratulated  Mr.  Davis  on  a  model  paper — 
concise,  orderly,  and  with  diagrams  not  unduly  complicated.  This 
Blyvooruitzicht  mine  was  really  the  *  wonder  mine  *  of  the  Band  ; 
there  had  never  been  anything  like  it  before,  with  its  100  per  cent 
payability  and  high  values.  He  supposed  the  nearest  approach 
from  the  point  of  view  of  high  values  was  the  Sub-Nigel  mine,  but 
there  the  values  ran  in  shoots,  with  areas  of  low-grade  ore  between. 
The  average  value  of  the  reef  itself,  at  Blyvooruitzicht,  ran  to  over 
60  dwt.  According  to  the  last  annual  report  the  development  of 
the  previous  year  averaged  62  dwt.  over  12  in.  Of  course,  the  ideal 
from  a  mining  point  of  view,  would  be  to  take  that  12  in.  only,  and 
get  a  running  grade  of  some  6^  dwt.,  but  that  was  quite  impossible. 
It  was  difficult  to  attain  a  very  low  stoping  width,  especially  as  the 
reef  was  somewhat  flat,  and,  therefore,  in  calculating  the  ore  reserve 
a  stoping  width  of  45  in.  had  been  assumed.  The  question  of  the 
stoping  width  was,  however,  one  of  great  importance  from  the 
point  of  view  of  the  value  to  be  milled.  The  author  had  not  dealt 
very  fully  with  that  point,  and,  he  thought,  wisely,  as  there  had 
been  hitherto  no  stoping  in  the  ordinary  sense  of  the  word,  and  it 
was  only  by  experience,  perhaps  after  some  years,  that  the  best 
method  could  be  evolved. 
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There  was  another  point  of  view,  too,  which  made  it  desirable  to 
keep  the  stoping  width  as  low  as  possible  and  that  was  to  secure  as 
little  disturbance  of  the  hanging- wall  as  possible.  This  was  a  mine 
which  had  immense  quantities  of  water  above  it.  The  Dolomite 
was  nearly  4,000  ft.  thick  ;  it  extended  for  many  miles  and  the 
hope  was  that  the  draining  of  the  Dolomite  could  be  avoided. 
There  was  no  Dolomite  above  the  mines  of  the  Central  Rand,  but 
there  were  mines  under  the  Dolomite  in  the  Far  East  Rand.  There 
in  sinking  shafts  the  great  trouble  was  water  ;  they  did  not  en- 
counter much  black  mud,  which  was  the  residue  of  the  disintegra- 
tion of  the  Dolomite  by  circulating  water.  In  the  Dolomite  on  the 
w(*stern  end  of  the  Rand  they  had  this  *  wad,'  as  they  called  it, 
which  had  given  a  great  deal  of  trouble.  The  first  mine  to  encounter 
difficulties  was  the  Venterspost  mine  and  there  the  story  of  the 
sinking  of  No.  1  shaft  was  a  real  mining  epic.  They  got  along 
better  in  sinking  at  Blyvooruitzicht,  no  doubt  because  they  were  in 
part  prepared,  but  even  there  they  did  on  one  occasion  lose  the 
bottom  of  the  shaft,  and  the  water  rose  right  iip  to  the  water  level 
at  the  rate  of  8  ft.  a  minute.  In  one  respect,  however,  they  had  been 
fortunate.  The  Dolomite  was  of  great  thickness,  and  the  bottom 
part  was  solid  and  not  so  liable  to  contain  cavities  and  channels  of 
water  as  the  upper  part.  Further,  the  reef  was  comparatively  Uttle 
disturbed  by  faults.  The  author  rather  modestly  said  it  was  no  worse 
than  the  average  ;  the  speaker  would  have  said  it  was  better  than 
the  average,  and  evidently  the  faults  did  not  bring  large  quantites 
of  water,  unhke  some  of  the  open  faults  on  the  Rand  which  formed 
a  ready  means  of  circulation.  With  the  help  of  cementation  they 
had  succeeded  in  keeping  the  workings  comparatively  free  from 
water,  which  was  a  striking  achievement. 

It  seemed  to  him  a  fortunately-placed  mine,  but  it  had  been 
developed  under  great  difficulties.  It  had  suffered  from  shortage 
of  native  labour  from  the  first.  In  the  last  annual  report  it  was 
stated  that  they  were  not  able  even  to  keep  the  comparatively 
small  mill  running  at  full  capacity  or  to  carry  out  all  the  develop- 
ment which  would  have  been  possible  with  a  plentiful  supply  of 
labour.  They  might  hope,  however,  that  now  the  mine  would  go 
on  from  strength  to  strength,  and  in  time,  as  Dr.  Keep  had  sug- 
gested, thej'  might  have  a  further  paper  on  the  experiences  gained 
in  stoping. 

Professor  S.  J.  TniSCOtt  said  that  Dr.  Keep  had  had  a  very 
agreeable  office  in  introducing  this  well-written  paper.  For  himself 
he  took  an  equal  pleasure  in  the  fact  that  the  wide  conception 
which  the  author  had  taken  of  what  constituted  development 
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allowed  him  to  mention  the  enterprising  spirit  shown  both  in- 
dustrially and  technically,  as  a  result  of  which  this  important 
reef  was  disclosed  under  so  great  a  cover  of  Dolomite.  It  was  really 
one  of  the  romances  of  mining.  In  the  foot- wall  of  the  Main  Beef 
Series,  he  said,  there  was  an  alternation  of  shales  and  quartzites ; 
in  the  hanging-wall  mostly  quartzites.  Most  of  the  shale  beds  in 
the  foot-wall  were  magnetic,  advantage  of  which  was  taken  by 
magnetometric  survey  to  get  in  touch  with  their  sub-outcrops 
below  this  tremendous  cover  of  4,000  ft.  The  two  technical  men 
principally  connected  with  this  work  were  Dr.  Krahmann  and  Dr. 
Keinecke — the  former  a  physicist,  the  latter  a  geologist. 

Having  established  the  sequence  of  magnetometric  anomalies  in 
the  fopt-wall  along  the  Central  Band  where  the  beds  actoally 
outcropped,  they  proceeded  to  make  magnetic  traverses  across  the 
line  of  presumed  extension  to  the  south-west,  where  with  delicate 
instruments  they  found  themselves  able  to  pick  up  the  same 
sequence  of  anomalies,  indicating  the  concealed  presence  of  the 
same  foot-wall  shales.  The  whole  idea  was  outlined  to  the  speaker 
by  Mr.  Bobert  Annan  in  1986,  who  with  justified  satisfaotion 
pointed  out  that  his  company  had  taken  options  on  farms  for  80  or 
40  miles  of  length,  and  having  established  the  magnetometric 
position  they  were  able  to  place  bore-holes  with  reasonable  hope 
to  intersect  the  Main  Beef  Series,  most  of  the  holes  actually  striking 
the  Series. 

This  boring  began  to  the  north  and  then  proceeded  south-west 
until  this  Blyvooruitzicht  mine  was  reached,  a  mine  which  was 
undoubtedly,  as  Dr.  Lawn  had  said,  a  *  wonder  mine*,  others  being 
there  associated  in  the  venture. 

The  author  had  touched  on  the  origin  of  the  gold  in  the  Banket. 
The  speaker's  competence  to  say  anything  at  all  about  the  origiD 
of  the  Banket  derived  from  the  fact  that  over  50  years  ago  he  was 
a  sampler  on  the  Central  Band.  He  did  not  know  exactly  how  they 
carried  out  their  duties  to-day,  but  he  thought  that  he  was  one  of 
the  first  technically-trained  samplers  doing  nothing  but  under- 
ground sampling.  His  samples  were  brought  up,  reduced  by  his 
boys,  sufficient  sample  pulp  sent  to  the  assayer,  and  the  remainder 
he  panned  for  value,  entering  immediately  an  estimate  in  the 
office  sample  ledger,  on  the  basis  of  the  panning,  before  the  assay 
was  made.  In  that  ledger  they  had  a  column  for  mentioning  the 
pyrite.  Whether  abundant  or  but  Httle  it  was  reckoned  a  factor 
to  be  taken  into  account,  not  only  because  it  was  thought  that 
some  gold  was  bound  up  with  the  pyrite,  but  because  in  panning 
the  gold  tail  could  not  be  got  so  clearly  away  from  the  pyrito  m 
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it  wonld  be  from  ordinary  quartzite  grains  and  the  estimate 
accordingly  was  more  difficult  to  make.  In  this  panning  they 
got  an  idea  of  how  tenaciously  this  fine  gold  clung  to  the  pan ; 
and  from  that  it  was,  to  him,  not  surprising  that  it  and  pebbles 
occurred  together  in  a  bed. 

He  had  also  sampled  other  mines,  including  the  Nigel  and  had  a 
working  knowledge  of  one  of  the  Black  Beef  mines,  so  that  altogether 
he  had  a  certain  competency  to  speak  on  the  ground  of  personal 
observation.  It  was  only  by  the  assembly  of  observations  that 
any  complete  idea  of  the  origin  could  finally  be  obtained.  The 
dykes  on  the  Band,  which,  criss-crossing  the  field,  cut  the  ground 
up  into  irregular  paddocks,  disturbed  the  gold  rather  than  had 
anything  to  do  with  its  original  deposition.  For  himself  he  felt 
quite  positive  that  these  dykes  had  nothing  to  say  in  the  original 
deposition  of  the  gold. 

Mr.  James  Whitehouse,  after  congratulating  the  author  on 
his  excellent  paper,  extended  his  congratulations  to  all  those  who 
had  been  engaged  in  the  development  of  the  Blyvooruitzicht  mine. 
To  have  jumped  forward  from  Libanon  16  miles,  and  to  have 
tackled  the  sinking  of  4,000  ft.  through  the  Dolomites,  was  an 
operation  that  deserved  success  and  this  had  been  achieved  in  no 
small  measure.  No  other  mine  on  the  Band  had  shown  such  con- 
sistent or  such  high  values  over  the  scale  of  development  accom- 
plished to  date  in  this  mine,  nor  had  the  cost  of  shaft-sinking  and 
development  ever  been  met  from  the  crushing  jof  development 
rock  from  current  operations. 

The  figures  which  Mr.  Davis  gave  for  sinking  were  interesting. 
In  the  last  2,000  ft.  of  Dolomite  the  rate  of  sinking  averaged  209  ft. 
per  month,  which  was  excellent  going  when  they  remembered  the 
precautions  that  had  to  be  taken  during  the  whole  time. 

With  regard  to  the  lay-out,  the  description  of  it  given  in  the 
paper  was  reminiscent  of  that  at  the  Crown  Mines,  in  that  circular 
shafts  were  to  be  simk  from  the  bottom  of  the  shafts  from  surface, 
and  incline  shafts  at  intervals  of  8,500  ft.  would  handle  labour  and 
materials.  Such  a  lay-out  should  prove  economical  and  ensure 
adequate  ventilation. 

He  noticed  from  the  details  given  in  Mr.  Davis's  paper  that 
development  technique  had  progressed  in  recent  years  and  con- 
sidered an  average  advance  of  7  ft.  per  round  most  satisfactory, 
and  that  as  120  ft.  advance  had  been  achieved  in  12  rounds  still 
better  speeds  might  be  looked  for  in  the  future. 

The  figures  for  temperature  rise  in  depth  compared  very  favour- 
ably with  those  of  the  Central  Band. 
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Whilst  the  correlation  of  the  Carbon  Leader  with  the  knowD 
reefs  on  the  Band  had  not  yet  been  established,  they  were  informed 
that  it  was  generally  considered  to  correspond  to  the  Main  Beef. 
This  emphasis  that  the  characteristics  of  the  reefs  and  their  values 
might  change  very  materially  and  over  distances  such  as  they 
were  considering  was  not  surprising.  Examples  of  these  changef^ 
wer8  already  known  and  no  doubt  others  would  be  found  as  more- 
widespread  development  of  the  reefs  in  the  Union  was  extended. 
After  all,  within  the  area  of  the  Band,  as  known  before  its  extension 
westward,  there  were  variations  both  in  characteristics  and  values, 
particularly  in  the  South  Beef  and  it  was  not  surpising,  therefore, 
that  considerable  changes  took  place  in  more  remote  areas. 

The  geological  information  given  in  the  paper  created  an  urge 
to  examine  the  reefs  in  detail,  and  the  gold  content  of  the  North 
Leader  as  compared  with  the  Carbon  Leader  was  most  interesting. 

With  regard  to  production,  the  outstanding  question  he  thought 
would  be  the  recovery  of  fines  of  high  value  resulting  from  the 
breaking  up  of  the  Carbon  Leader.  The  method  of  stoping  pro- 
posed would  be  best  suited  to  the  conditions  and  no  doubt  sweeping 
and  washing  down  of  the  foot-wall  would  be  carefully  carried  out. 
Having  ensured  the  recovery  from  the  mine  of  the  gold  in  the  fines, 
there  should  be  no  serious  problem  in  the  reduction  plant,  since 
they  were  told  that  the  small  plant  now  operating  had  a  recovery  of 
98  per  cent. 

All  things  con'sidered  the  future  of  the  mine  as  a  highly  success- 
ful producer  seemed  assured  and  perhaps  it  was  not  too  much  to 
hope  that  the  adjoining  West  Driefontein  mine  would  be  equally 
fortunate,  so  that  these  and  other  mines  in  the  western  area 
would,  in  their  turn,  ensure  the  maintenance  of  production  on  the 
Band  as  did  the  East  Band  years  ago. 

Dr.  P.  E.  Keep  wished  to  say  that  he  was  in  entire  agreement 
with  Professor  Truscott's  remarks  as  regards  both  the  origin  of  the 
gold  and  the  effect  of  the  fugitive  elements  accompanying  the  dyke 
intrusions  in  dissolving  and  reprecipitating  some  of  the  gold  in  their 
immediate  neighbourhood. 

Another  remark  he  wished  to  make  arose  out  of  Mr.  Whitehouse's 
comments  on  the  reduction  operations  and  percentage  recovery.  It 
must  not  be  forgotten  that  with  a  high-grade  mill  head  it  was  much 
easier  to  get  a  high  percentage  recovery,  so  long  as  the  ore  was  not 
refractory.  The  diflficulty  was  to  get  the  last  bit  of  gold  from  the 
residues.  Although  this  98  per  cent,  extraction  was  a  very  fine 
performance  it  was  not  perhaps  quite  as  exceptional  as  one  might 


BLYVOOBUrrZIOHT  GOLD  MININQ CO.,  LTD.,  8.  AFBIOA — ^KBM.      9 

ooDflider  at  first  glance.   The  acid  teet  was  how  much  gold  remained 
unrecovwed. 


CONTRIBUTED  BEMARK8 


Mr.  Victor  Hodgson :  In  thie  interesting  paper  Mr.  Savile 
Davis  has  given  a  concise  description  of  the  opening  and  prelimin- 
ary development  of  a  mine  which  is  extraordinary  not  only  in  the 
payability  and  richness  of  the  reef,  but  also  in  the  problems  that  it 
has  set  for  mining  geologists  and  engineers. 

The  use  of  detachable  bits  in  drilling  the  40-ft.  pilot-holes  in 
No.  1  shaft  to  reUeve  congestion  in  the  shaft  bottom  is  interesting. 
In  many  mines  detachable  bite  have  not  yet  been  introduced 
*  because  they  cannot  compete  with  forged  bits  in  overall  cost  under 
the  local  conditions.  When  small  shafts  in  hard  rock  are  to  be 
sunk  where  these  circumstances  apply  the  advantages  of  the 
detachable  bit  in  avoiding  the  crowding  of  the  shaft  bottom  with 
drill  steels  are  worth  consideration. 

It  is  noted  that  the  settled  sludge  is  pumped  through  a  separate 
column  from  the  6th.-level  pump  station  to  the  8,000-ft.  station, 
where  it  is  transferred  to  the  10-in.  water  column.  Would  Mr. 
Savile  Davis  describe  how  the  transfer  is  effected  ? 

The  rate  of  development  maintained  at  depths  between  4,000  ft. 
and  5,000  ft.  from  a  single  shaft  with  a  limited  labour  force  under 
wartime  conditions,  and  amidst  other  difficulties,  is  a  matter  for 
the  congratulation  of  everybody  concerned.    The  improvement  in 
the  rate  of  advance  in  the  drives  that  has  resulted  from  the  use  of 
'  burn  '  cuts  is  considerable  ;  a  description  of  this  cut,  with  details 
of  the  blasting,  the  amount  of  explosive  loaded  in  the  holes,  and  a 
sketch  of  the  round  generally  drilled  would  be  welcomed.     Has 
Mr.  Savile  Davis  used  the  *  bum  '  cut  in  rises  ?    I  have  successfully 
used  them  on  several  occasions  when  it  has  been  necessary  to 
avoid  damaging  equipment  in  '  holing '  into  working  shafts,  etc. 
In  these  cases  the  amount  of  ground  remaining  to  be  traversed  was 
usually  3  ft.  to  4  ft.    Some  time  ago  I  made  experiments  with 
'  bum  '  cuts  in  drives  TJ  ft.  by  6J  ft.  in  cross-section.    The  rock 
was  tenacious,  and  the  average  advance  in  these  drives  was  4i-ft. 
per  round  when  a  26-hole  round  with  a  *  pyramid  '  cut  was  used  ; 
the  explosives  consumption  was  9  lb.  of  60  per  cent  ammon. 
gelignite  per  foot  advanced.    The  best  advances  of  8  ft.  per  round, 
with  an  explosives  consumption  of  11.5  lb.  per  foot,  were  attained 
with  a  *  bum '  cut  having  three  parallel  holes  with  their  centres 
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Bteel  indusiry  and  was  abo  one  of  the  few  mineralB  ooourring  in 
this  country  of  which  the  production  satisfied  the  whole  of  our 
domestic  requirements.  It  was  the  only  substantial  source  of  the 
element  fluorine  and  just  recently  there  had  been  new  industrial 
applications  of  compounds  of  that  element — ^he  might  mention 
the  gas  '  freon/  an  important  item  in  refrigeration,  particularly 
in  America.  There  were  also  new  usee  for  fluorine  products  as 
insecticides. 

Just  before  the  war  this  country  produced  approximately  40,000 
tons  of  fluorspar  a  year,  which  was  valued  at  about  £40,000.  By 
1944  this  had  risen  to  about  70,000  tons,  and  the  value  was 
£220,000.  Thus  there  had  been  a  substantial  rise  in  production 
and  a  spectacular  rise  in  value.  Comparing  it  with  perhaps  a 
better  known  non-ferrous  industry  in  this  country — the  Cornish 
tin  industry — the  value  of  fluorspar  production  was  about  half 
that  of  tin  and  employed  about  one-third  of  the  number  of  men 
engaged  in  tin  mining.  The  proportions  of  production  used  for 
metallurgical,  acid-maJdng,  etc.,  purposes  were  given  in  the  paper. 

The  possible  need  for  re-investigation  of  fluorspar  resources  was 
foreseen  by  the  Geological  Survey  before  the  war  and  they  insti- 
tuted a  re-survey  of  the  deposits  in  the  North,  in  Durham  chiefly. 
Mr.  Pearson  would  desire  to  give  credit  to  the  Geological  Survey  for 
bringing  to  the  attention  of  the  Ministry  of  Supply  very  early  in 
the  war  that  there  was  a  danger  that  if  more  fluorspar  were  needed 
it  might  not  be  obtainable  with  existing  plants  except  at  the 
expense  of  a  fall  in  grade.  A  joint  investigation  was  accordingly 
carried  out  by  the  Control  and  the  Geological  Survey,  and  as  a 
result  it  was  shown  that :  First,  certain  methods  of  washing  and 
treatment  in  common  use  were  definitely  wasteful  of  mineral  and 
if  continued  could  not  fail  to  react  to  the  detriment  of  the  industry' 
as  a  whole,  and,  secondly,  that  if  production  were  increased  there 
would  be  almost  certainly  a  fall  in  grade  which  would,  of  course, 
react  against  steel  production,  and,  what  was  almost  as  important, 
would  involve  using  transport  for  material  of  which  a  proportion 
had  relatively  little  value. 

When  the  supply  position  became  more  acute  the  first  step  to 
be  taken  was  to  control  fluorspar,  to  license  its  sale  and 
purchase,  and  regulate  its  distribution.  The  co-operation  of  all 
producers  was  secured,  and  later  it  was  found  practicable  to  set 
up  a  scheme  whereby  fluorspar  was  sold  at  prices  which  had  sonie 
relation  to  the  grade  of  the  product — a  thing  which  hardly  obtained 
at  the  beginning  of  the  war.  Mr.  Pearson  would  wish  to  give  credit 
to  Fluorspar  Control  for  the  work  they  had  done  in  this  connexion, 
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since  he  felt  it  would  prove  to  be  of  lasting  benefit  to  the  industry* 
The  metallurgical  side  of  the  investigation  really  started  in  1942.: 
About  that  time  there  developed  a  possible  extra  demand  for  acid- 
grade  fluorspar  and  in  view  of  this,  coupled  with  the  continued 
shortage  of  metallurgical-grade  spar,  it  was  definitely  agreed  that 
some  provision  might  have  to  be  made  for  a  new  plant  or  plants. 
A  series  of  metallurgical  tests  was  undertaken  to  decide  whether 
there  was  a  suitable  occurrence  of  raw  material  on  which  a  new 
plant  could  be  based  and  which  could  be  brought  into  production, 
if  necessary,  sufficiently  quickly.  Mr.  Pearson  made  quite  clear 
in  the  paper  the  reasons  which  led  to  a  site  being  chosen  at  Stanhope, 
in  Weardale,  Durham.  Three  mines  were  working  in  that  vicinity, 
and  together  it  seemed  certain  that  they  could  supply  the  quantity 
of  raw  material  required  to  keep  the  plant  going  at  full  capacity, 
for  several  years  at  any  rate.  The  possible  demand  for  acid-grade 
spar  made  it  essential  that  they  should  be  able  to  draw  on  a  mine 
or  source?  of  supply  of  suitable  feed  for  the  plant,  and  that  finally 
led  to  the  decision  on  the  project  to  be  located  in  Stanhope. 

The  results  of  the  tests  were  given  in  fairly  full  detail.  One 
point  which  Mr.  Pearson  wished  to  be  mentioned  was  that  complete 
drawings  were  made,  but,  unfortunately,  owing  to  the  paper 
shortage,  it  was  not  possible  to  publish  them  all.  They  had,  there- 
fore, been  lodged  with  the  Institution  and  were  available  if  necessary 
for  any  interested  parties  to  see.  With  regard  to  treatment  costs, 
Mr.  Pearson  did  go  into  these  in  the  paper.  Estimates  had,  of 
course,  been  made,  and  he  would  be  glad  to  give  anyone  his  views 
should  thev  be  interested. 

Concerning  capital  cost,  £56,000  might  seem  a  lot  of  money  for 
a  plant  to  treat  fluorspar,  but  during  the  war  it  was  necessary  to 
be  prepared  for  any  contingencies.  Of  course,  when  the  turnover 
of  the  industry  as  a  whole  was  considered — £200,000  a  year  or  so — 
it  was  hardly  attractive  to  consider  plants  costing  £56,000.  The 
main  points  during  the  war  were  to  ascertain  the  ore- reserve 
position  and  carry  out  the  metallurgical  tests,  and  this  was  done 
to  the  best  of  their  abilitj-  under  the  conditions  then  obtaining. 

He  wished,  on  behalf  of  the  author,  especially  to  thank  Mr. 
L.  A.  Wood,  Mr.  Michael  Callow  (British  Geco  Engineering  Co,) 
Mr.  James  Jackson  and  Dr.  K.  C.  Dunham,  for  the  help  they  had 
rendered  while  the  investigation  was  proceeding. 

Mr.  E.  J.  Pryor  said  that  with  today's  economic  position 
demanding  the  fullest  utilisation  of  this  island's  mineral  resources  a 
paper  of  this  character  had  especial  value.    Since  the  ^xo^c»^^ 
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• 

concentrating  plant  was  still  at  the  blue-print  stage  he  had  read 
the  paper  with  possible  operating  difficulties  in  mind.  The  author 
observed  that  fluorspar  was  '  an  extremely  friable  mineral'.  Else- 
where colloidal  slime,  clay,  barytes,  etc.,  were  mentioned  ;  also  the 
existence  of  dumps  which  might  be  re- worked.  Presumably,  then, 
a  good  deal  of  primary  slime  would  be  fed  into  the  treatment 
plant.  Most  non-metallic  flotation  plants  tried  to  avoid  treating 
primary  sUmes,  but  in  the  flow-sheet  presented  nothing  seemed  to 
be  done  to  remove  them  before  secondary — or  value-bearing — 
shmes  were  created  in  the  ball-mill.  It  was  not  clear  to  the  speaker 
whether  these  slimes  might  be  expected  to  interfere,  but  he  thought 
there  was  something  of  a  case  for  de-sliming  between  the  drum- 
washer  and  the  ball-mill.  If  present  in  quantity,  such  slimes 
would  consume  reagents,  hinder  selectivity  by  the  collector  reagent, 
and  crowd  the  air-bubbles  to  the  detriment  of  desired  floating 
mineral. 

Next,  he  would  ask  why  a  high-discharge  ball-mill  was  proposed 
rather  than  a  low-tiischarge  mill — ball  or  rod.  It  seemed  that 
over-grinding  would  be  a  danger  in  preparing  this  friable  fluorite 
for  flotation  and  subsequent  treatment.  With  a  low-discharge  mill 
the  dwelling  time  would  be  shorter  than  with  high-discharge, 
allowing  for  better  removal  of  finished  material  in  the  close- 
circuiting  classifier  and  if  a  rod  mill  were  used  better  selectivity 
of  grind,  directed  upon  the  coarsest  material  in  the  mill,  could 
be  obtained.  He  was  assuming  that  overgrinding  would  lead  to 
trouble  somewhere. 

Turning  to  the  batch  tests,  it  would  help  in  interpreting  the  work 
if  the  connection  between  size  and  assay  value  was  known  for 
representative  samples  of  concentrate,  middling,  and  tail  of  the 
flotation  products.  Such  information  was,  he  considered,  essential 
for  good  grinding  control  and  in  its  turn  good  grinding  control  was 
a  major  factor  in  preparation  of  a  suitable  feed  to  the  flotation 
section.  Beside  being  a  chemical  process  flotation  could  bo  thought 
of  as  an  artifice  for  temporarily  changing  the  density  of  part  of  the 
sohds  in  an  ore-pulp  by  attaching  thorn  to  an  air-bubble.  The 
reactions  leading  to  this  temporary  association  were  easily  influenced 
in  either  a  bonding  or  a  dispersing  direction  and  grinding  mesh  was 
an  important  factor  in  those  influences.  Loss,  or  recovery,  at  each 
size  in  a  screen-fractionated  sample  of  product,  therefore,  gave 
valuable  information  in  studying  a  flow-sheet. 

Next,  he  wondered  whether  there  was  a  special  reason  for 
choosing  Denver  cells.  Though  galena  was  being  removed,  the 
main  object  was  to  Hft  some  82  per  cent  of  the  raw  feed  as  a  high- 
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^ade  fluorite.  This  suggested  to  the  speaker  the  possibility  that 
the  best  machine  might  be  one  with  considerable  overflow  capacity 
and  transporting  power  upward  in  the  cell,  even  if  this  entailed 
comparatively  *  soft '  aeration. 

As  one  unfamiliar  with  the  commercial  phraseology  of  fluorite, 
he  did  not  learn  anything  from  reading  the  specifications  in  Tables 
I  and  II,  and  perhaps  others  might  feel  that  the  time  had  come  for 
better  clarification.  Would  it  be  possible  to  market  calcium 
fluorite  in  terms  of  units  instead  of  the  rather  wide  percentages 
quoted  ?  The  trend  of  modem  technology  was  always  toward 
closer  specification,  so  that  all  parties  to  a  transaction  knew  with 
good  accuracy  the  values  and  impurities  residing  in  a  shipping 
product.  If  modern  processing  methods  were  applied  to  fluorspar, 
they  would  be  aided  by  good  specification  of  materials  dealt  in. 

In  conclusion,  he  desired  to  thank  the  author  for  a  valuable  and 
timely  paper,  which  put  on  record  information  that  could  have  much 
practical  value. 

Dr.  K.  C.  Dunham  said  that  he  was  very  glad  that  Mr. 
Pearson  had  put  on  record  the  results  of  the  Non-ferrous  Minerals 
Development  Control's  work  on  fluorspar,  for  even  though  the 
projected  mill  was  not  built,  the  preliminary  investigations  had 
inveu  valuable  information  about  the  characteristics  of  the  ore 
from  many  British  deposits.  The  survey  of  the  Durham  and 
Derbyshire  areas  in  1939-42  had  clearly  shown  the  inadequacy-  of 
timu-spar  dressing  equipment  in  both  areas.  Particularly  in  Derby- 
shire, present  dressing  practice  led  to  a  very  high  loss  of  fines  and 
substantial  wastage  of  reserves.  This  is  only  one  of  several  metal- 
lurgical problems  awaiting  solution  in  the  fluorspar  fields. 

As  far  as  the  Umited  evidence  went  it  appeared  that  considerable 
reserves  of  fluorspar  remained  and  practical  efforts  to  solve  these 
problems,  therefore,  appeared  to  be  justified,  particularly  under 
the  improved  economic  conditions  for  the  industry  which  had 
been  created  in  the  past  four  years.  The  plan  for  the  Stanhope  mill, 
had  it  been  carried  out,  would  have  been  of  considerable  benefit  to 
the  Durham  mines,  and  it  was  to  be  hoped  that  this  plan,  or  some* 
thing  like  it,  would  be  brought  to  fruition.  In  this  area  a  central 
mill,  drawing  ore  from  several  mines,  appeared  to  have  a  better 
chance  of  success  than  one  catering  only  for  a  single  deposit. 

Mr.  L.  A.  Wood  said  that  due  to  the  late  hour  he  would 
prefer  to  make  a  written  contribution  on  the  paper  itself,  but  !Mr. 
Pryor  had  raised  one  or  two  points  of  interest  and  it  might  be  just 
as  well  to  deal  with  those.    He  thought  that  Mr.  Pryor  liad  VooV^i^i 
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at  the  matter  in  a  very  theoretical  way  and  had  introduced  a  few 
theoretical  factors  that  really  did  not  exist  in  the  case. 

In  the  question  of  colloidal  sUme,  for  instance ;  in  some  of  the 
deposits  one  did  find  a  little  clay,  but  in  the  particular  deposit 
which  they  were  intending  to  treat  there  was  a  remarkable  absence 
of  clays.  There  was  a  great  deal  to  be  said  for  Mr.  Pryor's  point  of 
view  with  regard  to  colloidal  slimes,  especially  where  one  had  a 
mine  where  there  had  been  a  certain  amount  of  weathering,  but 
normal  colloidal  tines  did  not  interfere  except  where  this  weathering 
bad  taken  place.  In  the  majority  of  cases  the  fines  were  secondary 
fines  and  these  helped,  because  without  these  fines  the  bubbles 
did  not  remain  stable.  Fines  helped  to  form  a  kind  of  armour  plating. 

There  was  some  misconception  on  another  matter.  The  normal 
practice  at  the  present  time  was  to  grind  with  only  30  per  cent 
moisture.  This  made  a  thick  slurry-  which  held  up  the  coarser 
material  and  did  not  allow  it  to  fall  to  the  bottom  as  it  would  in  a 
dilute  pulp.  Therefore,  the  coarse  material  came  from  a  high  level, 
just  as  well  as  from  a  low  level.  Some  years  ago  a  number  of  tests 
were  carried  out  with  Hardinge  ball-mills  and  rod-mills,  and 
there  was  very  Jittle  to  choose  between  the  two. 

Concerning  mesh  analysis  ;  it  was  very  pleasant  to  have  all 
these  data,  but  fluorine  assavs  took  somewhere  about  a  fort- 
night  or  three  weeks  and  cost  something  like  ten  shillings  each, 
so  that  they  had  to  be  careful.  Hence  most  of  the  work  was  done 
by  observation.  It  was  all  very  well  to  talk  about  fixing  up  grinding 
to  give  the  best  results,  but  how  was  the  grinding  during  the 
mechanical  stage  to  be  controllc^d  ?  If  one  had  to  grind  to  80-mesh 
one  had  to  take  what  was  coining  with  the  80-mesh.  Fortunately-  in 
this  particular  case  they  did  not  find  any  difficulties  at  all  with  the 
flotation.  As  a  matter  of  fact,  flotation  under  the  conditions  em- 
ployed was  just  as  good  as  would  be  got  with  a  lead  ore  or  a  zinc  ore. 

That  again  brought  up  the  question  of  the  cells.  There  had  been 
dozens  of  cells  invented,  all  with  various  little  differences  which 
were  supposed  to  give  benefit.  The  Denver  cell  had  been  chosen 
as  a  practical  machine  of  known  performance. 
-  The  question  of  percentage  of  froth  was  not  so  important  as  it 
sounded.  It  was  just  a  matter  of  taking  the  froth  olT  a  little  faster. 
The  pulp  certainly  thinned  out.  but  the  froth  carried  some  50  per 
cent  of  moisture,  and  that,  of  course,  reduced  the  amount  of  water 
left  to  the  tailings.    The  trouble  «»vened  out  in  practice. 

On  the  proposal  of  the  President,  the  hearty  thanks  of  tlie 
Institution  were  accorded  to  the  authors  of  the  two  papers. 
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CONTRIBUTED  REMARKS 

Mr.  L.  A.  Wood :  I  should  like  to  express  to  the  author  an 
appreciation  of  his  paper  in  which  the  subject  is  dealt  with  in 
a  simple,  logical  and  comprehensive  manner.  Although  the  pro- 
posed mill  was  never  put  into  operation  Mr.  Pearson  has  recognized 
that  the  information  and  experience  gained  are  of  definite  value  to 
those  concerned  in  the  fluorspar  industry  and  are  not  without 
interest  to  others  of  our  profession  who  are  not  directly  concerned. 
He  has,  moreover,  translated  his  recognition  of  this  value  into 
practical  aid  by  collecting,  correlating,  and  imparting  this  informa- 
tion. An  extra  measure  of  praise  is  due  to  him  for  the  spirit  of 
-duty  and  desire  to  serve  which  prompted  him  to  submit  this 
paper. 

I  venture  to  offer  a  few  brief  remarks  to  amplify  somewhat  some 
points  concerning  the  concentration  of  the  fluorspars  mentioned 
in  the  paper. 

Experience  showed  that  the  main  impurities  associated  with 
fluorspar  are ;  silica ;  the  sulphides  of  lead,  zinc  and  occasionally 
iron ;  some  oxidized  iron  (mainly  hmonite) ;  calcite ;  barytes, 
and,  sometimes,  clay. 

The  Weardale  ores  are  free  from  calcite  and  barytes  but  were 
marred  by  association  with  quartz,  which  permeated  the  calcite 
as  a  network  of  fine  veinlets,  and  by  galena  and  blende  in  small 
proportion.  The  sulphides,  however,  were  segregated  and  fairly 
coarsely  crystalhzed. 

The  Derbyshire  ores  were  more  coarsely  crystallized  and  free 
from  an  excess  of  fine  quartz  veinlets,  but  were  associated  with 
varying  proportions  of  calcite  and  barytes,  in  addition  to  sulphide 
minerals  and  quartz.  One  deposit,  however — locally  known  as 
Dunstone— carried  some  75.5  per  cent  fluorite  ;  14.5  per  cent 
silica  ;  8.5  per  cent  barytes,  and  1.5  per  cent  of  carbonates.  These 
impurities  were  so  intimately  associated  that  even  at  200-mesh  the 
minerals  were  not  completely  freed.  On  the  whole,  therefore,  it 
was  found  that  whereas  jigs  were  in  fairly  successful  operation  in 
Derbvshire  for  fluorspar  concentration  thev  were  not  of  continued 
success  in  Weardale.  Generalization,  however,  is  dangerous, 
and  those  interested  in  the  industry  will  be  well  advised  to  study 
■each  deposit  on  its  merits  before  deciding  on  methods  of 
concentration. 

In  studying  the  various  samples  from  the  point  of  view  of  pro- 
ducing good-grade  metallurgical  spar,  all  of  which  must,  theoretic- 
aHy  remain  on  a  |-in.  screen,  some  rather  ommoM^  ^%Xa.  ^^t^ 
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collected.  Lump  spar,  from  7  in.  to  1  in.,  when  broken  to  ^  in.  by 
moat  careful  stage-crusliing,  always  produced  30  to  35  per  cent 
of  lines  through  J-in.  Moreover  the  fines  were  always  richer  in 
lluorspar  than  the  coarse  sizes. 

Run-of-mine  fluorspar,  after  crushing  to  size  suitable  for  metal- 
lurgical purposes,  usually  exceeds  this  proportion.  A  not  unusual 
example  is  that  of  a  Stotfield  Burn  shipment  in  1941  which  showed 
65  per  cent  of  miniu  |-in.  fines. 

An  extreme  case  was  that  of  the  Masson  mine,  Matlock,  Derby- 
shire, where  the  ore  as  mined  carried  8.22  per  cent — 8  in.+i  in^ 
material :  28.81  per  cent — I  in.+J  in. :  and  67.97  per  cent — |  in. 
WTien  the  oversize  was  crushed  to  ^  in.  for  jigging,  there  was 
left  only  25.8  per  cent  of  -f  i  in.  To  produce  a  metallurgical-grade 
spar  honestly  according  to  schedule,  74.2  per  cent  of  the  total 
weight  containing  77  per  cent  of  the  total  fluorspar  content  would 
need  to  be  discarded  before  jigging. 

That  this  waste  could  be  eliminated  bv  froth  flotation  with  the 
production  of  a  superior  product,  was  amply  demonstrated.  That 
the  flotation  product  could  be  briquetted  for  metalliurgical  use  was 
also  tested  and  proved,  but  prior  claims  on  manpower  and  binders 
prevented  war-time  application  of  these  processes. 

Froth  floatation  of  fluorspar  for  the  production  of  acid-grade 
spar  was  already  conducted  on  a  small  scale  at  two  plants  in 
Derbyshire.  Both  plants  were  of  the  secret  process  type.  Other 
plants  of  larger  capacity  (up  to  10  tons  per  hour)  were  in  operation 
in  the  United  States.  There  was  also  va<^aie  information  of  fluorspar 
flotation  plants  on  the  continent. 

From  information  available,  mostly  from  American  sources,  it 
appeared  that  the  reagents  employed  to  date  Avere  all  within  the 
range  of  experience  at  the  laboratories  of  Minerals  Separation, 
Ltd.,  in  1916  to  1918,  when  the  late  Professor  Edser  was  in  control 
of  research  on  the  flotation  of  non-sulphide  ores.  As  activator,  a 
fatty  acid  or  soap  was  employed  and  as  modifiers,  sodium  sihcate, 
sodium  carbonate,  tannin,  glue,  starch,  or  sulphonated  products. 
It  was  found  that  sodium  siHcate  in  circuit  neutralized  to  pH 
about  7.2  was  the  best  depressant  for  silica,  as  it  produced  thick 
stable  froths  and  allowed  rapid  separation.  This  simple  depressant, 
however,  did  not  eliminate  calcite  or  barvtes. 

•  ■ 

The  addition  of  bichromate  depressed  calcite  and  barytes  to 
some  extent,  but  for  final  elimination  of  barvtes  it  was  necessary 
to  employ  tannin  in  circuit  made  alkaline  to  pH  10  or  over  with 
soda  ash.  Tannin,  however,  depresses  fluorite  as  well  as  barvtes, 
although  not  so  completely,  with   the  result  that   the  suitable 
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differential  froth  will  carry  fine  fluorspar  only  atid  in  such  small 
quantity  that  a  much  larger  flotation  plant  is  necessary.  Bichro- 
mate produces  its  effect  by  making  the  froth  more  brittle  and 
showery.  It  also  demands  some  extension  of  plant  and  somewhat 
finer  grinding. 

Choice  for  production  of  acid-grade  spar  fell  most  decidedly  on 
the  better-grade  Weardale  ores,  which,  although  too  heavily 
impregnated  with  silica  to  make  first-class  metallurgical  spar,  are 
suflficientiy  free  at  about  GO-mesh  to  yield  high  recoveries  of  good- 
grade  acid  spar  with  simple  silicate  reagents,  and  with  the  minimum 
of  flotation  machines.  Many  Derbyshire  ores  yielded  excellent- 
grade  metallurgical  spar  in  one  simple  treatment  with  bichromate 
and  silicate,  but  all  of  them  needed  a  second  treatment  with  tannin 
in  alkaline  circuit  to  get  the  requisite  acid  grade. 

From  the  purely  technical  point  of  view,  therefore,  it  was  con- 
cluded that  Weardale  was  the  best  district  for  the  production  of  the 
cheapest  acid-grade  spar,  and  Derbyshire  for  metallurgical  spar. 
Purely  technical  conclusions,  however,  often  have  to  be  modified  by 
other  considerations  and  we  may  take  it  that  the  fluorspar  industry 
will  develop  according  to  circumstances  outside  our  sphere. 

Mr.  P.  Bice  Michell :  Mr.  Pearson's  paper  is  both  most 
interesting  and  timely,  and  should  prove  of  assistance  to  those 
interested  in  the  treatment  of  fluorspar  in  this  country.  The  whole 
of  the  non-metallic  mining  industry  seems  to  have  been  somewhat 
neglected  for  a  considerable  time  and  little  has  been  done  in  recent 
years  to  improve  the  operation  of  fluorspar  dressing ;  in  fact,  often 
no  attempt  is  made  to  treat  the  fines  which  cannot  be  jigged. 
Usually,  when  tables  have  been  used,  the  concentration  is  unsatis- 
factory from  the  viewpoint  of  recovery,  as  although  sufficiently  high 
grade  a  concentrate  can  be  made,  the  tailing  is  rich  in  spar. 

The  suggested  flow-sheet  as  well  as  the  details  of  flotation  tests 
are  most  interesting  and  I  should  like  to  know  if  the  author  can 
give  any  further  information  on  the  following  : 

(1)  Was    there  any  particular  reason — such   as    the    selective 
grinding  of  the  soft  fluorspar — for  using  the  Lightning  crusher  ? 

(2)  The  jig  taihng  is  shown  as  being  dumped,  but  such  tailing  is 
often  high  in  fluorspar.  Were  there  any  tests  made  with  a  view  to 
ascertaining  the  grade  of  the  spar  produced  in  this  way  and  the 
recovery  ? 

(8)  Were  the  jigs  designed  to  concentrate  *  over '  or  *  through  * 
the  sieve  ?  It  has  been  my  experience  that  much,  beti^t  ^q>xV.  ^^\i 
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be  done  with  a  *  pen  and  pipe  '  discharge  when  jigging  on  the  sieve^ 
in  preferenoe  to  the  more  usual  practice  of  hutch  working. 

Mr.  Pearson  also  mentions  agglomerate  tabling,  which  to  ma 
seems  to  be  a  promising  alternative  to  flotation  and  I  have  found 
that  *  table  flotation  '  will  produce  a  good  grade  of  fluorspar  in  one 
operation,  while  it  allows  of  gravity  concentration  for  any  galena 
that  may  be  present — a  fact  which  greatly  simpHfles  the  layout 
of  a  small  plant.  It  is  true  that  a  certain  percentage  of  the  fines 
cannot  be  treated  in  this  manner  and  if  this  proportion  is  sufficient 
to  justify  the  outlay  it  should  probably  be  treated  by  flotation  in 
the  usual  manner.  The  disadvantages  of  having  a  combined  process, 
however,  seem  to  be  offset  by  the  ability  to  treat  coarser  material 
with  reduced  grinding  costs,  by  elimination  of  much  of  the  loss  if 
any  desliming  is  necessary  prior  to  flotation,  and  by  the  saving  of 
costly  filtering  plant.  On  one  ore  it  was  found  possible  to  make  a 
concentrate  in  one  operation  which  was  lower  in  silica  than  that 
'  obtained  by  straight  flotation  with  one  cleaning  stage. 

In  the  production  of  fluorspar  by  flotation  briquetting  is  ob- 
viously required  and  the  statement  made  regarding  the  favourable 
report  received  from  a  steel  maker  will  be  interesting  to  many  pro- 
ducers who  no  doubt  would  also  be  interested  to  know  what  type 
of  plant  was  in  the  engineer's  mind.  A  similar  binder  has  been  used 
in  some  tests  made  recently  in  Canada  and  3.75  per  cent  of  pitch 
was  considered  adequate.  It  is  stated  that  if  the  concentrate 
contains  more  than  3^  to  4  per  cent  moisture  it  should  be  pre-dried, 
as  the  binder  will  not  adhere  to  the  fluorite.  The  petroleum  asphalt 
binder  was  added  at  a  temperature  above  200°F.  and  before 
briquetting  was  lowered  to  between  170  and  ISO^F.  It  would  be 
interesting  to  know  how  these  results  compared  with  the  experi- 
ment mentioned  in  the  paper. 

In  the  discussion  of  the  flotation  investigations  the  use  of 
neutralized  sodium  siUcate  is  most  interesting,  as  the  addition 
of  large  quantities  of  ordinary  sodium  silicate  to  reduce  contamina- 
tion in  the  froth  will  increase  the  pH  beyond  the  optimum  for  good 
fluorite  flotation  and  tends  to  produce  a  very  brittle  froth.  The  use 
of  quebracho  for  depressing  barite  also  calls  for  some  comment,  as 
although  it  is  highly  successful  on  calcite  its  efficacy  on  barite  seems 
to  var}^  on  different  ores.  Furthermore,  it  tends  to  depress  the 
fluorite  as  well  and  a  careful  balance  is  needed  between  the  oleic 
acid  and  the  quebracho  if  the  latter  is  added  in  the  rougher 
operation. 

Finally,  a  30-ft.  by  lO-ft.  thickener  is  shown  in  the  flow-sheet 
between  the  grinding  and  the  flotation  unit.    Was  partial  desliming 
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intended  at  this  point  and  if  so,  what  percentage  of  the  flotation 
feed  was  expected  to  be  lost  in  this  way  ? 

Mr.  Donald  Gill :  Mr.  Pearson  is  to  be  congratulated  upon 
having  produced  a  useful  and  workmanHke  paper.  I  should  like  to 
comment  upon  some  points  raised  by  ^Ir.  Colin  Rose  in  his  intro- 
ductory speech  : 

First,  Mr.  Rose  indicated  that  s^^mpathetic  encouragement  would 
he  given  to  the  publication  of  suitable  technical  papers  dealing  with 
the  activities  of  the  Xon-ferrous  Minerals  Development  Control.  This 
enlightened  attitude  is  nmch  to  be  commended  ;  it  is  to  be  hoped 
that  more  than  one  valuable  paper  njay  result  from  it.  During 
the  phase  of  gradual  decontrol  through  which  the  country  is  now 
passing  there  is  great  danger  of  technical  information  of  potential 
value  to  the  community  being  entombed  in  official  tiles  and 
ultimatelj''  burned  or  lost.  Pubhcation  of  whatever  may  be  of 
value,  within  the  limits  imposed  b}^  *  security/  is,  therefore,  to  be 
encouraged. 

Secondly,  the  fact  that  the  detailed  plans  of  the  proposed  mill 
are  on  file  with  the  Institution  should  be  noted  with  satisfaction. 

Thirdly,  Mr.  Rose  said  that  fluorspar  was  the  only  available 
substantial  source  of  fluorine  in  this  coimtry  and  he  mentioned  the 
increasing  use  of  fluorine  compounds — such  as  freon  gas.  I  should 
like  to  draw  attention  to  the  considerable  tonnage  of  combined 
fluorine  which  enters  this  country  in  our  imports  of  phosphate  rock 
and  to  suggest  that  the  utihzation  of  part  of  this  fluorine  might  be 
practicable.  All  phosphate  rock  contains  fluorine,  the  percentage 
varying  from  around  1  per  cent  to  about  3.4  per  cent.  The  fluorine 
in  phosphate  rock  exists  as  an  integral  part  of  the  rather  complex 
molecules  of  the  oolitic  grains  composing  the  rock,  the  composition 
of  the  grains  varying  between  the  limits  shown  in  Table  XIII. 

Table  XIII 


Minerals 

Bulk  formulae 

Fluorine, 

CaO 

PtO, 

CO^ 

F 

per  cent 

Colophanite 

FrancoIit« 

For  comparison  : 

Fliior»AiMitite    

100 
100 

100 

30 
29 

30 

10 

7 

Nil 

18 
20 

0-9 
.3-3 

\    - 
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The  .tonnage  of  phosphate  rock  imported  into  Great  Britain  in  a 
normal  year  is  of  the  order  of  500,000  tons.  Imports  during  the^ 
war  have  been  abnormal  as  to  both  quantities  and  sources,  but 
if  a  nonnal  year,  say  1988,  is  taken  the  quantity  of  imported  com- 
bined fluorine  may  be  gauged.*  Table  XIV  shows  tonnages  of 
phosphate  rock  and  of  contained  fluorine  imported  into  Great 
Britain  and  Eire  in  1988.  To  a  first  approximation,  nearly  9,000 
tons  of  combined  fluorine  arrived  in  Great  Britain  and  Eire  in  1938, 
in  phosphate  rock  carrying  on  the  average  about  2  per  cent  of 
fluorine. 

Table  XIV 


.  Source 

Phosphate 

Rock  Imports, 

Metric  Torut, 

000*8 

Cmitamed  Fluorine 

Per  cent 

Metric  Tons 
(approx.) 

Morocco  

Algeria  (Constant irie)    ... 

Tunisia  (Gafsa,  Mdilla)... 

,,         (KalaaDjen-da)... 

Floricfa  pebble    

Nauru  /Ocean 

96 

83 

208 

19 

4 
22 

7 

3-3 
30 
10 
2-2 

30 
2-6 
13 

3,150 

2,500 

2,080 

420 

120 
570 

Egypt  (Kosseir) '. 

90 

Totals  and  average   ... 


439 


(2-03) 


8,930 


XoAv,  a  large  proportion  of  the  phosphatf  rock  entering  the 
country  is  <?on verted  to  *  8uj>erphoHphate '  hv  treatment  with 
sulphuric  acid.  In  the  course  of  treatment,  about  two-thirds  of  the 
contained  fluorine  is  driven  off  in  the  form  of  fume,  together  with 
steam  and  carbon  dioxide,  while  about  one-third  of  the  fluorine 
remains  in  the  superphosphate.  The  reaction  is  somewhat  complex 
and  is  illustrated  by  Gray  (loc.  cii.  p.  130),  who  gives  a  balance- 
sheet.  The  exact  composition  of  the  fumes  is  probably  uncertain, 
but  they  may  be  regarded  as  a  mixture  of  gaseous  hydrofluoric  acid^ 
silicon  fluoride,  hjdrofluosiHcic  acid,  steam,  and  carbon  dioxide. 

*Gray,  a.  N.  '  Phosphates  and  Superphosphate  ',  1944.  The  tonnages 
of  phosphate  rock  imports  ai^  taken  from  the  statistical  tables  in  this 
useful  book. 


FOR  THE   DURHAM   FLUORSPAR   INDUSTRY — CONT.  REM.   23 

At  all  events,  they  are  extremely  noxious  and  they  represent  a  loss 
into  the  atmosphere  of  fluorine  which,  with  minor  necessary  plant 
changes,  could  prohably  be  recuperated. 

The  production  of  superphosphate  in  Great  Britain  and  Eire  in 
1938  was  559,980  metric  tons,  probably  from  about  330,000  tons 
of  phosphate  rock.  If  the  rock  used  contained  on  the  average 
about  2  per  cent  of  combined  fluorine,  as  is  indicated  in  Table  XIV, 
and  if  about  two- thirds  of  this  fluorine  could  have  been  recuperated 
from  plant-fumes,  in  the  form  of  hydrofluosilicic  acid  or  fluo- 
silicates,  then  it  would  appear  that  in  1938  about  4,400  tons  of 
fluorine  were  wastefully  emptied  into  the  atmosphere  of  the 
British  Isles.  At  the  present  time  the  wastage  may  be  much 
greater.  I  am  not  aware  whether  any  recuperation  of  fluorine 
from  superphosphate  plant  fumes  has  been  attempted  in  Great 
Britain,  but  it  is  stated*  that  in  the  U.S.A.  *  many  superphosphate 
plants  are  utilising  these  jzases  for  the  production  of  hydrofluosilicic 
acid  and  fluosilicates.' 

It  appears  from  the  paper  (p.  2)  that  there  is  a  market  in  this 
country  for  about  5,000  tons  per  annum  of  *  chemical-grade  * 
fluorspar  (equivalent  to  about  2,500  tons  of  fluorine)  and  that  the 
chemical  uses  are  increasing.  I  should  like  to  ask  Mr.  Pearson,  in 
the  interest  of  conservation  of  resources,  whether  and  to  what 
extent  fluorine  recuperated  from  superphosphate  plants  might  in 
the  future  alTord  substitutes  for  fluorspar  for  use  in  t-lie  non-ferrous> 
glass,  enamel,  and  chemical  industries. 

Mr.  J.  Norman  Wjmne  :  Mr.  Pearson's  contribution  towards 
the  study  of  Britain's  potentially- valuable  fluorspar  resources  is  of 
particular  personal  interest  to  the  writer,  who  was  responsible  for 
the  technical  development  of  the  Stanhopeburn  fluorspar  deposits 
in  Weardale  and  for  the  establishment  during  the  war-years  of 
ore  reserv'es  exceeding  250.000  tons.  It  must  be  admitted  that 
Britain  has  unfortunately  lagged  far  behind  the  United  States  and 
Germany  in  the  beneflciation  of  fluorspar,  which  (as  our  war 
demands  immediately  demonstrated)  must  bo  regarded  as  one  of 
the  primary  strategic  minerals.  Li  the  years  ahead,  Avith  keen 
foreign  competition  in  the  steel  industry,  production  of  this  essential 
ingredient  in  steel-making  will  need  greatly  to  be  improved.  As 
Mr.  Pearson  indicates,  the  steel  companies  themselves  were  largely 
responsible  for  the  almost  complete  lack  of  attention  to  the  prepara- 
tion of  the  crude  spar  as  produced  either  from  mines  or  accumulated 
lead-mine  tailing-dumps.    Although,  as  stated,  the  average  fluorspar 

♦Gray,  loc.  cit.,  p.  45,  quoting  Technical  Bulletin  No.  364  of  U.S.  Dept. 
of  Agricvdture,  published  1933. 
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cost  in  smelting  is  only  about  4^d.  (and  was  considerably  less  in 
the  pre-war  years)  per  ton  of  raw  steel  produced,  the  criterion  with 
many  steel  firms  was  *  cheap  *  buying  price — with  purity  apparently 
a  very  secondary  consideration.  As  recently  as  1986  the  normal 
selhng-price  of  crude  fluorspar  was  under  *20s.  per  ton  and  prior  to 
1914  it  was  as  low  as  6b.  f.o.r.  So  long  as  the  material  bore  some 
xesemblance  to  fluorspar,  many  steel  companies  were  apparently 
content  to  purchase  it  provided  the  price  was  low,  and  spar  contain- 
ing as  low  as  50  -per  cent  CaF^  was  readily  purchased  during  the 
critical  war  years.  There  was.  therefore,  httle  encouragement  for 
producers  to  lay  out  considerable  sums  cm  plants  designed  to 
beneticiate  low-  or  medium-grade  spar  to  a  standard  more  appro- 
priate to  modem  steel-making  technique. 

It  may  be  noted  that  before  1928  upwards  of  30,000  tons  of 
fluorspar  was  shipped  annually  from  Britain  to  the  United  States  ; 
but  this  valuable  export  from  the  Tvue  gradually  decreased  and 
finally  was  entirely  lost,  simply  because  the  material  shipped 
fell  seriously  short  of  American  steel  producers'  increasingly  strict 
specification. 

This  export  trade  can  and  should,  in  the  writer's  opinion,  be  not 
only  revived,  but  considerably  increased.  Britain  has  vast  fluorspar 
resources,  but  producers  must  be  prepared  to  supply  refined 
fluorite  approximating  to,  or  bettering,  that  consistent  grade  which 
America  is  herself  producing  (if  somewhat  expensively)  from 
comparatively  low-grade  domestic  sources,  principally  in  Illinois 
and  Kentucky.  Two  years  ago  the  United  States  Bureau  of  Mines 
sought  to  purchase  from  Britain  sonic  40,000  tons  of  fluorspar 
per  annum,  but  the  relatively  hi^di  uu'tallurgical  grade  re- 
quired was  not  forthcominjjj.  In  Britain,  the  steel  com- 
panies are  today  paying  much  closer  attention  to  the  CaF^,  SiQ^, 
and  BaS04  content  in  the  fluorspar  they  purchase.  Plainly 
British  fluorspar  producers  must,  without  further  delay,  set  their 
own  house  in  order  and  become  *  assay  conscious.'  In  this  direc- 
tion the  British  Fluorspar  Producers  Association  has  already  done 
much  valuable  work,  particularly  in  estabhshing  a  close  technical 
liaison  between  the  steel  companies  and  the  fluorspar  producers. 

The  correct  preparation  of  refined  fluorite,  however,  presents 
some  difficulties,  fortunately  readily  overcome,  Mr.  Pearson 
mentions  the  extreme  friability  of  fluorspar  and  the  consequent 
production  of  '  fines  '  during  mining  and  transport  of  the  *  run-of- 
mine  '  to  surface ;  at  the  Stanhopeburn  mines,  this  is  perhaps 
the  most  serious  difficulty.     It  is  important  to  appreciate  that 
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fluorspar  vein-matrix  is  comprised  of  aggregations  of  microscopic 
crystals  of  fluorite,  intermingled  with  SiOj  (and  in  Derbyshire, 
barytes)  crystals.  In  the  Stanhopebnm  lodes  (which  attain  a 
width  of  80  ft.  in  parts)  the  fluorspar  is  so  easily  broken  that  the 
average  explosives  consumption  is  under  0.5-lb.  per  ton  mined 
and  great  masses  are  reduced  to  *  smalls  '  b}'  a  single  blow  from  a 
hammer  or  pick  ;  in  some  parts  of  the  lodes  the  spar  may  be 
reduced  to  powder  by  squeezing  in  the  hand.  With  a  view  to 
reduction  of  '  fines',  specially  low-powered  explosives  are  used  in 
development  and  stopes,  yet,  notwithstanding  careful  attention  to 
this  point,  a  recent  large-scale  screen  analysis  test  showed  that 
nearly  50  per  cent  of  the  normal  '  run-of-mine  '  material  was 
minus  60-mesh. 

Another  diflBculty  with  the  Weardale  spars   is   that   the    SiOj 
occurs  in  a  finely-divided  state  along  the  cleavage  planes  of  the 
minute  fluorite  crystals,  as  well  as  in  the  form  of  veinlets  ramifying 
the  vein-matrix.    Some  crushing  is,  therefore,  necessary  in  order  to 
*  disentangle  '  the  two  principal  constituents  prior  to  separation 
and  naturally  the  finer  the  crushing  the  greater  the  disentanglement. 
The  projected  treatment  mill  at  Stanhope,  it  is  stated,  included 
jigs  *  for  the  productit)n  of  a  jig  concentrate  of  metallurgical  grade'. 
In  Britain  the  steel  specification  is  nominally  (Jmde  de  viieux)  10 
per  cent  SiOg ;  but  in  America  and  Germany  the  standard  is  *  not 
exceeding  6  per  cent  SiOg'.     In  view  of  the  closeness  in  specific 
gravity  of  CaFj  and  SiOo  (3.01—8.25  and  2.65—2.66,  respectively), 
the   writer  considers   that  jigging  is   incapable   of   reducing   the 
silwa  content  in  the  Weardale  spars.    Doubtless  jigging  effectively 
reduces  the  barium  minerals  (baiite,  Sp.  G.  4.8 — 4.6),  but  for  the 
beneficiation    of    Stanhopebnrn    fluorspar     (which     contains    no 
barite)  the  writer  came  to  the  conclusion  that  jigging  would  be  a 
waste  of  time  and  money  and  on  a  par  with  the  so-called  *  washing  * 
of  the  '  run-of-mine  '  material  even  today  commonly  practised.    It 
would  be  interesting  to  hear  whether  jig  tests  were  made  on  the 
Stanhopebuni  and  Hope  Level  spars  by  the  British  Geco  Engineer- 
ing Co.  or  others,  and,  if  so,  what  the  product  from  such  jigging 
assayed.     Unless  jigging  reduces  the  silica  content  from  about 
20  per  cent  to  under  6  per  cent,  this  metliod  can  hardly  be  regarded 
as  justified  in  the  case  of  the  Weardale  (barium-free)  spars.     The 
galena   may   readily  be   effectively  reduced   and   recovered  as  a 
valuable  by-product  by  ordinaiy  gravity  tables. 

The  writer  consulted  a  number  of  steel  companies  and  from  them 
obtained  much  valuable  information  regarding  their  requirements. 
All  emphasized  that  fluorspar  crushed  to  less  than  about  20-mesh 
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would  be  unacceptable,  because  finely-powdered  material  would 
be  swept  into  the  flues  of  the  blast  furnaces  without  coming  into 
intimate  contact  with  the  molten  steel-charge,  and,  therefore,  the 
liquifying  of  the  slag  and  the  removal  of  the  sulphur  and  phos- 
phorous (the  principal  object  of  the  application  of  the  fluorite) 
would  not  then  take  place.  They  pointed  out  that  the  *  fluorspar ' 
(however  high  its  CaF2  content)  must  be  of  *  gravel  *  size  that 
could  conveniently  be  cast  by  shovel  (in  a  spreading  shower)  to  fall 
on  to  and  penetrate  the  blanket  of  molten  slag  covering  the  steel. 
Therefore,  in  order  to  produce  metallurgical-grade  fluorite  it  would 
seem  necessary  to  avoid /ine  crushing,  and  to  keep  the  spar  particles 
as  large  as  possible — consistent  with  ability  to  disentangle  the 
CaFg  and  Si02  components  sufficiently  to  obtain  a  reduction  of  the 
latter  to  viiniis  6  per  cent. 

Froth  flotation  methods  readily  produce  the  acid-grade  fluorite 
(containing  about  0.5  per  cent  SiO^j)  and  for  chemical  use  the 
product  viiist  be  finely  ground.  For  the,  production  of  acid-grade 
spar,  therefore,  froth-flotation  methods  are  ideal.  Unfor- 
tunately, as  Mr.  Pearson  points  out,  the  war-time  annual  demand 
for  acid-grade  spar  amounted  to  only  5,000  tons.  On  the  other 
hand  the  steel  industry  consumes  about  86  per  cent  of  the  total 
production  of  fluorspar  in  Britain  (and  practically  as  much  in  the 
United  States)  :  the  producers'  market  is  plainly  in  the  steel 
industry,  therefore,  even  though,  as  seems  likely,  the  demand  for 
acid-grade  (for  refrigerants,  petroleum  refining,  synthetic  rubber 
manufacture,  etc.),  may  increase  very  considerably  in  the  future. 
But,  because  the  resulting  concentrate  is  in  too  finel}-  divided  a 
state  for  application  to  blast  furnaces,  froth-flotation  methods  of 
beneficiation  seemed  to  the  writer  to  be  anything  but  ideal  for  the 
production  of  metallurgical-grade  material.  His  attention  was, 
therefore,  focused  upon  the  recently-developed  '  table-agglomera- 
tion '  method,  whereby  it  is  cheaply  possible  to  produce  a  minus 
4  per  cent  SiO^  grade  of  J  in.  size  particle  and  approximating  to 
the  fine  *  gravel '  specified  by  the  steel  companies.  Large-scale 
tests  on  the  Stanhopeburn  fluorspar  were  carried  out  and  the 
resulting  *  granular  *  concentrate  pronounced  ideal  in  every  respect 
for  steel-making. 

Even  in  rough  crushing  preparatory  to  table-agglomeration 
(which  process  is  based  upon  the  differential  affinity  for  oil  of  CaFj 
and  Si02)  it  is  impossible  to  avoid  the  production  of  a  certain 
percentage  of  mimis  60-mesh  material,  which  is,  of  course,  additional 
to  that  resulting  from  blasting,  trucking,  hoisting,  etc..  in  the  mine. 
Obviously  it  would  be  uneconomical  to  screen  and  reject  the  total 
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percentage  of  '  fines',  although  some  of  this  total  percentage  could 
doubtless  be  sold  as  ceramic  grade.  Therefore,  in  the  writer's  view, 
the  reed  problem  in  the  beneficiation  of  crude  fluorspar  is  what  to  do 
with  the  substantial  proportion  of  minus  60-mesh  material  (100 
per  cent  in  the  case  of  froth-flotation  concentrate)  resulting  from 
mining  operations  and /or  crushing  preparatory  to  either  table- 
agglomeration  or  froth-flotation  separation  treatment.  This 
problem,  incidentally,  has  been  and  still  is  the  *  headache  '  of 
American  fluorspar  producers,  whose  research  work  is  far  ahead  of 
Britain's. 

On  p.  7  Mr.  Pearson  refers  to  the  briquetting  of  the  metallurgical- 
grade  concentrates  produced  by  froth-flotation  treatment  and 
mentions  obtaining  a  good-class  briquette  by  admixture  of  5  per 
cent  pitch  as  the  binder.  In  the  Lake  AinsUe  District  of  Xova 
Scotia,  it  was  found*  that  pre-heating  of  the  concentrate  to  approxi- 
mately 250°  F.  was  necessary,  because  if  the  concentrate  contains 
more  than  3i  to  4  per  cent  moisture  the  petroleum  asphalt  binder 
used  will  not  adhere  to  the  fluorite.  Between  8  and  4  per  cent  by 
weight  of  the  asphalt  binder,  at  a  temperature  exceeding  200°P 
was  added,  and  the  whole  was  thoroughly  mixed.  The  temperature 
of  the  mix  was  then  lowered  to  between  170°  knd  180°P.  before 
briquetting.  In  the  discussion  following  the  presentation  of  the 
paper :  *  The  Concentration  of  Barite-Fluorite  ores  from  the  Lake 
Ainshe  District,  Nova  Scotia,*  by  Mr.  E.  Lee  Cameron,  before  the 
Mining  Society  of  Nova  Scotia,  a  speaker  rightly,  in  the  writer's 

opinion,  stated  : 

I  would  also  look  for  an  improvement  in  the  briquetting  process.  The 
method  the  author  used  calls  for  completely  drying  the  concentrates  and 
heating  with  a  fairly  high  percentage  of  petroleum  asphalt  binder,  which  is 
usually  liigh  in  sulphur.  This  is  an  expensive  process  and,  moreover,  it 
may  make  difficulties  in  conforming  to  the  sulphur  specifications  for  metal- 
lurgical  fluorspar.  ...  It  is  reported  that  satisfactory  briquettes  of 
fluorite  concentrates  have  been  made  in  the  United  States  with  addition  of 
one-half  of  1  per  cent  of  bentonite  as  a  binder.  Such  a  process  will  be 
found  to  be  superior  to  that  of  using  the  asphalt  binder. 

The  writer's  information  is  that  the  addition  of  bituminous 
material  (apart  from  the  gratuitous  introduction  of  objectionable 
sulphur  and  carbon  to  the  steel  charge)  results  in  an  undesirable 
explosive  action  when  fluorite  thus  bonded  comes  into  contact 
with  the  molten  charge.  But,  apart  from  all  these  objections,  it  is 
difficult  to  see  how  virtually  *  sparmac  *  can  possibly  be  cast  into 
open-hearth  furnaces  as  a  shower  of  *  gravel,'  particularly  in 
summer  heat  or  close  to  furnaces  when  the  tendency  would  un- 

*Tran8.  Can.  Inst.M.M.,  Vol.  XLVIII,  1945,  pp.  567-587. 
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'  doubtedly  be  for  the  pitoh  or  similar  binder  to  soften  and  produce 
a  treacly  mass  which  it  would  be  impossible  for  the  charge-man  to 
handle :  it  is,  of  course,  out  of  the  question  to  hurl  chunks  of 
fluorspar  into  the  molten  mass — the  particles  of  calcium-fluoride 
must  be  spread,  in  intimate  contact,  over  the  whole  surface  of  the 
charge. 

Experiments  were  made  with  the  use  of  sulphite  lye  (from  pulp 
mills)  and/or  hydrated  limes  as  the  binding  media,  but  this  was 
abandoned  because  the  steel  producers  strongly  objected  to  the 
introduction  of  imdesirable  adulterants  to  their  steel  charges. 
As  already  mentioned,  the  latest  trend  in  America  is  towards  the 
use  of  bentonite  (a  hydrous  aluminium  silicate  derived  from  the 
alteration  of  volcanic  ash)  and  the  production  of  non-sticky  *  pel- 
lets *  of  a  size  more  suitable  for  application  by  shovel. 

^Whatever  the  binder  used  may  be,  however,  it  certainly  is  no 
cheap  or  easy  matter  effectively  to  admix  intimately  (and,  in  the 
case  of  asphalt  or  similar  material,  to  heat  the  whole  tonnage)  so 
small  a  quantity  as  even  6  per  cent  by  weight  throughout  the  mass 
treated. 

The  simple  (and  economic)  key  to  the  problem  would  appear  to 
have  been  found  in  Britain.  After  considerable  experimenting 
the  writer  discovered  that  if  fluorite  concentrates  (of  whatever 
mesh)  be  subjected  to  a  temperature  of  about  1,100°C. — i.e.,  well 
below  fusing  point  of  the  fluorite — for  about  10  minutes  a  natural 
re-agglomeration  of  the  particles  takes  place,  and  a  hard  homo- 
geneous mass  results.  No  binding  medium  whatever  is  required  : 
which  cuts  out  an  expensive  and  messy  process.  It  is  interesting 
to  note  that  this  natural  bonding  takes  place  while  the  concentrates 
are  still  at  maximum  heat  and  not  upon  coohng.  The  precise 
reason  for  this  agglomeration  (in  ceramic  work  known  as  *  fritting  *) 
is  not  fully  understood,  for,  as  microphotos  of  sections  (Pigs.  2  and 
3.  Plate  II)  of  the  bonded  material  show,  no  sintering  (as  usually 
understood)  takes  place,  and  the  fragments  of  fluorite  remain 
sharply  angular.  Analyses  show  that  no  chemical  change  takes  place 
in  the  CaFg  composition  and  its  action  upon  steel  fluxes  is, 
therefore,  unaffected.  Tests  showed  that  this  process  is  cheap  in 
fuel  cost,  handlin<j;  is  reduced  to  the  minimum,  and  heat-bonded 
concentrates  may  be  produced  in  any  desired  size  or  weight. 
Samples  of  the  heat-treated  fluorite  (certilied  to  contain  only  4  per 
cent  Si02,  and  no  barium  or  metallic  compounds)  were  submitted 
for  critical  examination  to  a  number  of  steel  Arms  in  Britain ; 
its  suitability  is  perhaps  best  proved  by  their  readiness  to  pay 
£5  per  ton  (alike  for  the  *  granular  '  screened  J-in.  mesh  and  the 
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bonded  product)  instead  of  the  current  £8  per  ton  for  the  crude 
(or  imperfectly  treated)  so-called  fluorspar  normally  supplied.  As 
a  result  it  should  now  be  possible  for  Britain  to  develop  a  very 
valuable  and  substantial  export  trade. 

Mr.  E.  W.  O.  Dawson:  Although  this  project  was  only 
considered  under  the  stress  of  war  something  on  the  lines  suggested 
would  not  only  provide  an  efficient  means  of  dealing  with  the 
fluorspar  in  the  district,  but  also  greatly  help  the  neighbourhood 
in  times  of  peace,  by  preventing  it  from  again  becoming  (as  it  was 
prior  to  1989)  a  distressed  area. 

A  further  point  of  interest  is  the  mention  of  the  possibiUty  of 
utiUzing  the  Derbyshire  dumps  for  the  recovery  of  barytes  by 
flotation.  Whereas  fluorspar  was  treated,  pre-war,  by  flotation  in 
Derbyshire,  so  far  as  I  know  no  one  has  ever  attempted  the  flotation 
of  barytes  in  this  country  on  a  commercial  scale.  One  difficulty 
which  the  barytes  producers  have  had  (o  surmount  is  that  very 
few,  if  any,  of  the  lithophone  manufacturers  will  take  the  fine 
material  in  a  wet  state,  but  I  see  no  reason  why  the  paint  manu- 
facturers' requirements  should  not  be  met  with  this  material. 

Barytes  is  a  fairly  easy  flotation  proposition,  giving,  thereby, 
much  better  recoveries  than  can  be  obtained  by  gravity  treatment. 
Another  point  is  that  the  material  would  be  already  ground  fairly 
fine  and  after  bleaching  and  drying  would  require  very  little  more 
grinding  to  meet  with  the  paint  manufacturers'  specifications,  a 
considerable  saving  in  grinding  costs  being  so  achieved. 

Mr.  J.  H.  Hohnen :  The  idea  of  a  central  mill  for  the  Durham 
fluorspar  industry'  to  be  situated  near  the  Stanhopebum  mine  in 
Weardale  enthused  me  when  it  was  projected  back  in  1941.  It 
seemed  to  me  that  we  had  a  blueprint  for  post-war  development  of 
one  small  part  of  the  British  non-ferrous  industry  as  well  as  a  plan 
for  local  employment.  Had  the  mill  gone  ahead  in  1942  it  would 
have  been  at  work  to-day,  operating  under  a  Government-controlled 
corporation  and  providing  stimulus  to  the  development  of  tho 
small  mines  whose  owners,  as  Mr.  Pearson  says,  *  lacked  the 
necessary  capital  to  indulge  in  what  to  them  was  the  luxury  of 
expensive  washing  plants  \  There  is  no  doubt  that,  relieved  of 
the  milling  problem  and  guaranteed  a  local  market  for  *  run  of  the 
mine '  ore,  a  greater  amount  of  mining  development  would  result 
and,  furthermore,  small  parcels  would  come  in  from  new  or 
re-started  adits  in  the  neighbourhood. 

The  idea  of  State-controlled  miUing  plants  is  not  new  and 
should  have  some  appeal  to  the  present  Brit\d\  Q[0^«ttv\!ftfexv\». 
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The  gold  batteries  operated  by  the  State  in  Wegtern  Afustei^liA 
have  always  given  encouragement  to  the  small  operator.  It  is  a 
pity,  therefore,  that  Stanhopebum  mill  is  not  more  than  a  paper 
project  and  to-day  possibl}^  a  forerunner  of  similar  enterprises. 
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FURTHER  CONTRIBUTED  REMARKS 

ON 

Some  Aspects  of  RockrDrilling  Practice. 
(The  Witwatersrand  Gk)ldfleld).* 

By  C.  J.  Irving,  Member, 

Bfr.  W.  ESsdon-Dew  :t  Mr.  C.  J.  Irving  m  8b  raeelknt 
paper  has  presented  an  up-to-date  review  of  conditione  as  they 
prevail  today  on  the  Witwatersrand  goldfields. 

The  importance  of  rock  drilling,  etc.,  calls  for  no  comment, 
especially  as  tiie  record  (16)  of  references  given  in  the  paper  of 
previous  publications  indicates  how  mtnch  attenticm  bas  been 
paid  to  this  subject  in  the  past. 

I  may  be  forgiven  if  I  refer  to  some  historical  facts  which  may 
not  be  known  to  all  the  members.  The  work  of  the  investigation 
Committee  of  the  Central  Mining-Rand  Mines  Group  referred  to 
by  the  author  was  inaugurated  by  me  in  1919/1*920  and  brought 
about  closer  co-operation  and  co-ordination  between  the  mining 
engineering  and  mechanical  engineering  staffs  in  taekiing  common 
problems.  Progress  since  that  time  has  been  substantial  and  I 
strongly  support  the  author's  frfea  lor  more  extensive  co-operation 
and  co-ordination  amongst  aU  the  technical  staffs. 

It  is  on  record  before  the  general  adoption  of  the  jack-hammer 
that  for  each  hole  drilled  lour  jumpers  were  used  and  the  nmnber  of 
holes  drilled  by  each  hammer  boy  never  exceeded  two  to  three 
holes  per  shift.  The  prediction  then  by  the  late  Mr.  Leslie  Pryce 
of  one  drill  to  one  hole  seemed  rather  optimistic,  but  the  position 
today  is  one  drill  one  hole,  or  even  one  drill  two  holes  sometimes, 
with  the  native  jack-hammer  boy  drilling  40  to  60  h(^8  per  shift. 

At  that  time  the  introduction  and  adaptation  of  the  hand-held 
jack-hammer  was  a  most  important  advance  in  mining  practice 
and  marked  the  beginning  of  important  improvements  and  eco- 
nomical drilling  practice.  I  consideir  the  introduction  of  the 
detachable  bit  (P.  <&;  M.  Patent)  now  marks  a  new  advance  and 
makes  it  possible  for  just  as  important  developments  to  be  made 
in  rock  drill  mining  practice  and  efficiency.  Even  to  be  again  called 
the  '  incorrigible  optimist '  I  now  venture  to  predict  that  with  the 
equivalent  of  one  bit  four  holes  will  be  drilled  and,  again,  each 

♦jBfiW.  474,  September,  1946. 
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bit  will  be  re-oonditioned  at  least  four  times  before  it  need  be 

discarded.  The  economy  to  be  obtained  is  not  so  much  the  saving  of 
drill  steel,  but  the  more  efficient  drilling  to  be  obtained  and  also 
what  is  just  as  important  is  the  saving  of  *  machine  reaction  on 
the  operator '. 

It  is  imnecessaiy  to  refer  in  detail  to  the  other  advantages  and 
improved  efficiencies — such  as,  increased  life  of  stem,  water  feed 
direct  to  the  stem,  as  well  as  the  enormous  saving  in  transport  and 
handling  costs  and  the  saving  daily  of  shaft-winder  hours — all  of 
which  constitute  important  economical  factors  brought  about  by 
the  introduction  of  the  detachable  bit. 

The  desirabiUty  of  having  a  detachable  bit  has  been  fully  recog- 
nized for  probably  over  80  years,  and  many  designs  have  been 
tried  out  without  full  success  as  far  as  the  Band  practice  is  con- 
cerned. When  trying  out  the  Riley  bit,  which  wae  not  economically 
successful,  on  one  of  the  Band  mines,  the  P.  and  M.  bit  was  brought 
to  our  notice.  The  simpUcity  of  design  was  attractive  and  it  was 
decided  to  make  a  thorough  investigation  of  its  possibilities. 
Initial  drilling  tests  gave  sludging  difficulties  which  were  soon 
overcome  by  suitable  grooving,  whilst  tests  of  different  skirt 
thicknesses  and  depths  soon  showed  the  short  skirt  to  be  practical. 

The  following  severe  test  was  carried  out  at  the  Mechanical 
Laboratory  using  a  standard  2f-in.  jack-hammer,  1,600  blows  per 
minute,  36  ft  .-lb.  per  blow  at  60  lb.  air  pressure  with  a  j-in.  dia- 
meter hexagon  steel  stem  54  in.  long  and  a  l|-in.  diameter  de- 
tachable bit,  to  drill  through  two  J-in.  mild-steel  plates  bolted 
together  a  hole  of  approximately  1^  in.  diameter  in  20  minutes.  The 
bit,  although  blunted,  had  to  be  detached  in  the  usual  manner. 

All  doubts  having  been  dispelled  about  the  skirt  we  were  able  to 
concentrate  on  the  design  of  a  suitable  200-ton  press  to  make  bits. 
It  was  decided  to  use  the  cruciform  shape,  as  it  had  proved  itself 
in  practice.  The  making  of  bits  on  the  mines  with  our  locally-made 
presses  is  now  fully  established  and  is  being  extended  as  fast  as  we 
can  get  presses  built.  To  date  more  than  6,000,000  new  bits  have 
been  made.  The  record  of  drilling  up  to  10  in.  and  12  in.  per 
minute,  using  the  ordinary  cruciform  design  of  bit,  can  be  taken  as 
a  reasonable  standard  rate  of  drilling  and  therefore,  whatever 
design  of  bit  may  be  used  in  the  future,  this  standard  of  performance 
will  have  to  be  considered. 

It  is  desirable  to  comment  on  the  auihor*s  statement  in  Section 
III  (C)  of  the  paper — viz :  *  Li  the  absence  of  other  variables 
Intensity  of  Blow  per  Unit  Length  of  Cutting  Edge  (IBULCE) 
must  be  a  measure  of  drilling  speed '.  This  requires  some  elaboration. 
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Let  us  consider  the  standard  jaok-hammer  giving  1,600  blows 
per  minute,  each  blow  having,  say,  86/40  ft.-lb.  value,  and  with 
that  power  the  object  in  view  is  to  drill  a  hole  in  the  rock  with  a 
depth  of,  say,  42  in.  and  a  finished  diameter  of,  say,  1^  in.  As  is 
well  known,  the  chisel  bit  is  the  fastest  drilling  bit  as  long  as  it 
retains  its  cutting  edge  at  the  periphery.  Comparisons  of  different 
designs  of  bits  are  most  interesting,  and  these  designs,  mainly  to 
overcome  the  shortcomings  of  the  chisel  bit,  which  is  likely  to 
stick  in  the  hole,  are  receiving  attention,  and  will,  I  am  sure,  meet 
with  success. 

The  author  refers  to  my  suggestion  of  an  even- duty  bit  and  he 
illustrates  certain  suggested  shapes  for  different  sizes  of  bits  (Table 
XIV  and  Pig.  3)  and  also  gives  the  relative  volume  of  rock  to  be 
removed  for  each  J  in.  increase  in  diameter  of  hole.  These  figures 
are  instructive  and  should  be  considered  when  designing  a  bit  to 
give  an  even-dtUy  service  over  its  entire  cutting  face. 

It  is  not  possible  to  design  such  a  bit  on  paper  on  account  of 
manufacturing  requirements,  but  always  aiming  at  the  ideal 
(IBULCE)  of  a  minimum  length  of  cutting  edge  across  the  face 
and  sufGicient  cutting  edge  where  the  greatest  work  is  done, 
shaped  to  maintain  gauge,  I  see  no  reason  to  doubt  the  possibility 
of  suitable  bits  that  will  be  superior  to  the  standard  cruciform 
bit  of  today. 

The  author  suggests  further  research  and  experimental  work. 
1  am  in  full  agreement  with  this  and  I  go  so  far  as  to  say  that  it  is 
particularly  necessary  that  such  research  work  must  be  carried  out 
under  scientific  control  in  a  properly-equipped  laboratory  where 
the  controls  are  standardized  and  where  comparisons  of  perform- 
ance, brought  about  by  changes  in  technique,  are  more  correctly 
compared.  While  recognizing  the  extremely  valuable  work  done 
on  mines  in  effecting  improvements  in  the  past,  there  comes  a 
time  when  close  scientific  control  is  difficult.  It  is  essential  that 
research  work  should  be  under  highly-trained  technical  men,  for 
the  border  line  between  success  and  failure  is  very  narrow. 

It  is  not  necessary  to  discuss  the  designs  and  shapes  of  bits 
providing  we  can  have  the  principle  of  research  and  experimenta- 
tion accepted  on  the  lines  suggested.  During  the  war  there  was  no 
possibiUty  of  carrying  out  much  research  work,  but  information  is 
now  released  and  various  alloy  steels  can  now  be  obtained.  There- 
fore, it  is  now  necessary  for  comprehensive  tests  to  be  carried  out. 
The  points  to  be  settled  are — shape  of  an  ideal  bit,  method  of 
manufacture,  and  the  composition  of  the  steel. 

I  may  now  define  what  in  my  opinion,  is   t\iQ  '  VA^^WaX*"* — ^^t^ 
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ev6D^daty  bit,  a  bit  that  will  drill  ai;  a  maxinmni  sate  of  ^aetoBtion, 
will  drill  witluHit  Itmng  gauge,  and  drdl  three  to  four  hoke  before 
it  is  neoeBsaiy  to  re-ooDditioii  for  further  use. 

I  would  also  ftuggest  the  f  allowin^^ 

{I)  Beeearoh  work  18  neoeasary  to  determine  what  alloy  flteel 
the  stem  should  be  made  of  to  obtain  at  least  1,000/1^500  drilUiig 
feet.  ^ 

(2)  Beaaaroh  work  to  provide  a  reliable  external  water  feed, 
ind/^pemdently  attached  to  the  head  of  the  jack-hammer  into  wiiidi 
the  stem  can  be  inserted. 

(3)  Bedearoh  to  determine  whether  the  present  etandard  8|-in. 
ittok-hammer  with  its  1,600  blows  per  minute  is  the  best  maefasne^  «r 
whether  a  lighter  machine  with  a  lighter  blow  and  a  greater  number 
of  blows  per  minute  would  not  reduce  vibration  and  reaction  on  the 
operator  without  loss  in  performance. 

(4)  Having  a  lighter  jack-hammer,  but  using  a  higher  air  presBoze 
may  also  be  of  impertanee  and  deserves  attention. 
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AUTHOK'S  KEPLY  TO  DISCUSSION  * 

ON 

Tunnelling  in  Oibraltar  during  the  1939-1945  War. 

By  W.  H.  Wilson,  Member. 

Major  W.  H.  Wilson:  I  had  regarded  the  compilation  of 
this  paper  rather  as  a  duty  to  the  Corps  and  to  the  Tunnelling 
Companies  ;  so  much  work  and  effort  had  been  put  into  the  tunnel- 
ling system  in  Gibraltar  by  so  many  hundreds  of  men — forever 
nameless — that  it  seemed  imperative  that  a  record  should  be  made. 
From  the  technical  standpoint,  too,  the  Corps  would  gain  by  the 
dissemination  of  knowledge  of  the  methods  used,  which — for  the 
most  part — were  good  methods.  There  was  yet  another  point — 
as  Professor  W.  K.  Jones's  erstwhile  colleague,  a  fact  in  which  I 
take  some  pride,  I  was  fully  aware  of  the  dangers  attendant  upon 
the  inhalation  of  mine  dusts.  I  was  aware  that,  while  dry-drilling 
the  pure  limestone  of  Gibraltar  presented  no  particular  hazard,  in 
some  other  rocks  it  would  be  attended  by  the  greatest  possible 
danger.  This  warning  note  had  to  be  sounded,  as  it  was  evident 
that  the  average  non-mining  B.E.  officer  would  not  know  of  this 
distinction.  In  thanking  those  who  so  kindly  attended  the  meeting, 
and  in  particular  those  who  took  part  in  the  discussion,  I  do  so  on 
behalf  of  the  Tunnellers  as  a  whole. 

To  answer  in  turn  each  of  the  many  points  arising  from  the 
discussion  would  provide  an  uninteresting  recital  of  data  and  the 
reply  is,  therefore,  couched  in  general  terms,  covering  the  ground 
of  the  discussion  in  a  wide  sense,  but  perhaps  missing  out  one  or 
two  of  the  more  minor  points,  some  of  which  the  questioners  will 
find  answered  on  closer  examination  of  the  original  paper. 

In  thinking  of  these  tunnels  mining  men  must  use  a  Uttle  imagina- 
tion ;  they  were  not  mines,  but  places  where  men  could — and  did — 
Hve,  sleep,  and  work.  The  most  elegant  excavations  made  by  the 
Tunnellers  were  not  on  The  Kock,  but  in  England — for  Combined 
Operations  Headquarters — which  were  complex  and  elaborate 
blocks  of  underground  accommodation.  On  The  Kock  the  work 
was  on  a  bigger  scale,  not  nearly  so  elaborate,  but,  nevertheless,  each 
excavation  had  a  purpose — hospital,  workshop  and  the  Uke — and 
had  its  appropriate  building  within  it,  which  served  exactly  the 
same  purpose  as  a  similar  structure  would  do  on  the  surface. 

^BtOl.  476,  January,  1946. 
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Accuracy  and  good  workmanship  were,  therefore,  most  desirable, 
and  the  safety  of  the  back,  especially  in  the  larger  chambers,  of 
paramount  importance.  Indeed,  before  I  left  The  Bock  at  the  end 
of  the  war,  we  were  already  experiencing  trouble  with  the  back  of 
some  of  the  flat  spans  excavated  under  the  press  of  urgency  in  the 
early  years  of  the  war.  To  ensure  permanent  safety  I  am  of  the 
opinion  that  the  perfect  arching  of  diamond-drill  blasting  should  be 
Supplemented  by  arched  steel  trusses  keyed  into  the  walls,  carrying 
a  monoUthic  concrete  roofing,  rather  than  that  surface-type  build- 
ings should  be  erected  imderground. 

Brig.  B.  S.  G.  Stokes  has  pointed  out  the  difficulty  of  military 
costing.  The  costing  of  mining  in  Gibraltar  would  present  extra- 
ordinary difficulties.  The  War  Office  may  know  how  much  the 
average  sapper  costs  the  Government,  but  I  certainly  do  not, 
although  I  have  heard  mooted  the  figure  of  £1  a  day.  Nor  do  I 
know  the  price  to  the  Government  of  the  various  machines  and 
commodities  used  in  the  work.  While  detailed  costing  is  necessary 
in  commerical  undertakings,  the  comparative  efficiencies  of  mining 
operations  in  different  countries,  or  at  different  periods  of  time, 
cannot  be  entirely  comprehended  in  terms  of  money.  The  value 
of  money  is  not  steady,  while  another  variable  is  that  the  standard 
of  living  differs  from  country  to  country.  Hence  the  difficulty  in 
correlating  costs  in  one  country  as  compared  with  another,  or 
from  one  period  to  another  in  the  same  country. 

It  is  well  known,  however,  that  there  are  certain  physical  quan- 
tities in  mining  by  which  efficiency  may  be  estimated  and  com- 
pared. Beduced  to  the  simplest  form,  two  main  factors  emerge — 
namely,  the  tons  of  rock  broken  per  machine-shift,  and  the  number 
of  imderground-shifts  needed  to  keep  a  machine  at  work.  This 
later  figure,  less  the  number  of  men  requi^^ed  to  operate  the  machine, 
gives  the  number  of  men  engaged  in  loading  and  tramming,  and  the 
more  remote  tasks,  such  as  packing  waste  and  timbering,  are 
attendant — ^in  one  way  or  another — upon  the  machine. 

Table  VIII  gives  these,  and  other,  data  for  the  more  recent 
operations  undertaken  on  The  Bock.  For  the  average  machine- 
shift  (two  drillers),  15  tons  of  rock  was  broken,  and  6.6  under- 
ground-shifts were  worked  to  provide  each  machine-shift.  Thus, 
the  number  of  tons  broken  per  underground-shift  was  2.3  tons. 
Each  ton  of  rock  required  3.3  ft.  of  drilling.  These  figures  exclude 
diamond-drill  blasting,  which,  from  its  late  introduction  on  a  large 
scale,  did  not  constitute  a  great  proportion  of  the  total  tonnage 
mined. 

In  lode  or  banket  mines,  using  the  hand-machine,  the  number  of 
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tons  broken  per  machine-shift  should  not  differ  radically  from  the 
figure  given  above,  as  the  operations  are  comparable.  The  number 
of  feet  drilled  per  machine-shift  will  vary  somewhat  according  to 
circumstances,  as  also  will  the  number  of  feet  drilled  per  ton  of 
rock.  The  really  important  figure  is  that  for  the  number  of  under- 
ground-shifts per  machine-shift.  In  the  normal  mine  this  may  vary 
from  20  to  as  much  as  70.  Lack  of  mechanization  is  most  clearly 
indicated  where  this  figure  is  disproportionately  high,  and  in  such 
circumstances  any  gain  in  drilling  technique,  or  in  the  drilling  task, 
will  be  so  diluted  by  the  inertia  of  spoil  removal,  as  to  be  scarcely 
perceptible  as  «/gain  in  overall  efficiency. 

It  is  reaffirmed  that  the  drilling  task  on  The  Rock  was  adjusted 
to  fit  in  with  the  various  cycles  of  operations.  In  the  8-ft.  by  8-ft. 
tunnels  the  footage  was  too  much  for  one  machine,  but  not  quite 
enough  for  two,  so  the  later  alternative  was  chosen,  to  provide  a 
positive  8-hour  cycle,  without  prejudice  to  the  drillers.  Since  the 
drillers  were  less  than  one- third  of  the  total  underground  strength, 
this  decision  did  not  materially  affect  the  overall  efficiency.  Major 
Moorhead  has  rightly  remarked  that  this  cycle  could  have  been  a 
six-hour  one,  but  I  did  not  follow  this  practice,  as  the  other  cycles 
could  not  be  similarly  dealt  with.  In  the  larger  tunnels — 12  ft.  by 
12  ft.,  and  15  ft.  by  8  ft. — the  task  was  adequate  for  three  machines, 
and  the  cycles  would  certainly  have  broken  down  had  an  attempt 
been  made  to  withdraw  one  of  them.  Similarly  in  slashing,  see 
Table  VIII,  the  tasks  were  unalterable  without  grossly  overloading 
the  cycles. 

The  use  of  the  drifter,  however,  would  have  enabled  a  sub- 
stantial increase  to  be  made  in  the  depths  of  the  rounds  in  the ' 
larger  tunnels  without  increasing  the  driller-shifts  and  the  mechani- 
cal loading  would  have  proved  elastic  enough  to  cope  with  the 
increased  quantities  of  spoil  without  a  proportionate  increase  in 
man-shifts.  The  rounds  adopted  for  the  hand-held  machines 
gave  about  the  optimum  advances  and  it  would  have  been  most 
difficult  to  have  increased  them  with  the  hand-machine.  The 
faster-drilling  drifter  would  have  been  needed  for  deeper  rounds, 
the  bigger  drills,  furthermore,  permitting  the  use  of  larger  diameter 
cartridges,  and  thence  of  the  larger  quantities  of  explosive  needed 
for  breaking  the  extra  rock. 

It  will  be  seen  from  Table  VIII  that  the  diamond-drill  accounted 
for  from  50  to  77  tons  of  rock  per  shift  for  31  ft.  of  drilling.  This 
work  was  not  on  a  task  basis,  as  the  operators  were  nearly  all 
learners — our  ordinary  miners — the  diamond-drilling  platoon 
being  too  busy  to  take  over  all  of  this  work.    1  am.  ol  \^\fe  q^Iyovoxv 
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that,  as  these  men  gained  experience,  and  with  a  '  peace  time  * 
supply  of  machine  spares,  the  footage  would  have  risen.  An  article 
just  to  hand,  entitled  '  Diamond  Drilling  as  Applied  to  Ore  Pro- 
duction', Engmeering  and  Mining  Journal,  Oct.  1945,  gives  data  of 
many  North  American  mines  using  diamond-drill  stoping.  This  ib^ 
without  doubt,  the  most  exhaustive  aggregation  of  data  so  far 
published  on  this  topic.  Several  of  these  mines  used  the  same 
type  of  machine  as  was  used  on  The  Kock,  the  average  footage 
drilled  per  machine-shift  being  48  ft.,  some  being  well  above  and 
others  below  this  mark.  When  it  is  borne  in  mind  that  we  could 
drill  but  one  hole  from  each  set-up,  that  the  holes  were  unusually 
long,  and  that  some  of  the  set-ups  were  in  most  awkward  places, 
it  will  be  appreciated  that  the  figure  attained  was  not  altogether 
unreasonable. 

The  tonnage  of  from  50  to  77  per  machine-shift  is  no  mean  ton- 
nage, especially  as  the  method  of  mining  eliminated  the  loading  and 
tramming  operations  that  consumed  some  two-thirds  of  our 
underground  strength,  as  the  lorries,  instead  of  loading  at  a  box, 
drove  right  into  these  very  big  excavations,  and  were  there  loaded 
by  ordinary  surface  excavators. 

The  alternative  to  diamond-drill  blasting  in  these  chambers 
would  have  been  benching  from  the  top  downwards  in  high  cham- 
bers, or  undercutting  and  blasting  down  the  back  with  the  hand- 
machine,  as  described  for  certain  of  the  tunnels,  in  low  chambers. 
The  former  method  is  a  good  one,  but  it  is  neither  particularly 
easy,  nor  very  economical. 

The  critical  need  for  diamond-drilling  arose  in  the  following 
manner.  A  chamber,  originally  planned  at  50  ft.  wide  and  19  ft. 
high,  and  under-cut  at  some  12  ft.  high  in  preparation  for  blasting 
down  the  back  using  the  hand-machine,  was  re-planned  at  34  ft. 
high.  The  under-cutting  ruled  out  the  possibility  of  benching,  and 
to  increase  the  height  from  12  ft.  to  34  ft.  with  the  hand-machine 
seemed  to  present  overwhelming  difficulties.  The  problem  of 
diamond-drilling  was,  therefore,  studied,  and  Brig.  Nutt,  after 
consideration  of  the  proposed  method  and  estimates,  had  sufficient 
confidence  in  us  to  order  the  necessary  machines  and  special 
explosives.  The  project  entailed  a  great  deal  of  anxiety,  and  we 
were  unfortunate  in  suffering  two  casualties,  but  the  method  was 
certainly  established.  That  my  E.E.  predecessors  did  not  use  the 
excellent  weapon  to  hand  in  the  diamond-drill  may  be  attributable 
to  the  fact  that  they  were  not  faced  with  this  particular  problem, 
nor  with  that  of  the  much  bigger  chambers  illustrated  in  Pig.  17, 
planned  as  a  result  of  the  successful  completion  of  the  smaller  ones. 
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The  latest  news  from  The  Rock  regarding  tungsten  carbide  bits 
is  that  the  tests  being  made  there  are  held  up,  as  the  soUd  type 
bits  have  not  yet  been  received.  Research,  however,  has  been  in 
progress  in  this  country  and  on  the  Continent,  and  it  is  understood 
that  results  may  soon  be  published. 

In  my  opening  remarks  on  the  discussion,  I  ventured  to  doubt 
whether  the  design  of  the  buckets  of  the  R.B.  excavators  was 
correct  for  digging  the  large,  angular  spoil  from  the  diamond-drill 
blasts.  Since  no  commentary  has  been  forthcoming  on  this 
point,  I  am  impelled  to  ampHfy  my  remarks,  although  I  had  much 
preferred  the  more  expert  commentary  of  a  specialist  in  excavating 
machinery.  The  fault  with  the  R.B.  bucket  is  that  all  the  spoil 
must  pass  through  its  hinged  bottom  and  that  quite  small  rocks 
can  jam  between  the  teeth  of  the  bucket  and  across  the  bucket 
opening.  In  contrast,  the  Eimco  bucket  tips  out  its  contents  and 
is,  therefore,  able  to  deal  with  rocks,  when*  the  necessity  arises,  a 
good  deal  bigger  than  the  bucket  size.  From  North  American 
literature  it  would  appear  that  excavator  buckets  are  available 
which  have  a  hinged,  tipping  motion.  Such  a  bucket,  based  upoii 
a  sturdy  body,  with  a  small  radius  of  swing,  is  what  is  needed  for 
this  special  underground  work.  The  lorry,  too,  might  be  replaced 
by  a  more  squat  vehicle,  so  that  the  boom  height  of  the  excavator 
could  be  less. 

A  small  proportion  only  of  the  diamond-drill  spoil  needed 
secondary  blasting.  While  this  blasting  was  carried  out  in  one 
chamber,  the  excavator  loaded  in  others,  thereby  minimising  the 
inconvenience  caused.  Most  of  the  big  slabs  which  Brig.  Stokes 
has  discerned  in  Fig.  23  were  so  fractured  in  the  blast,  that  a  prod 
from  the  excavator  bucket  broke  them  up. 

Electric  detonation  was  used  for  these  big  blasts  since  it  was  our 
standard  practice,  from  which  there  was  no  reason  to  depart.  It  is 
suggested  that,  if  it  is  required  to  detonate  more  than  two  or 
three  banks  of  holes,  with  an  instantaneous  effect  for  each  bank, 
detonating  fuse  could  be  used  for  the  banks,  with  electric  detonators 
in  successive  delays  to  initiate  the  fuse.  The  danger  in  such  a 
method  would  be  that  the  air  blast  from  the  first  bank  of  holes 
might  break  the  fuse  in  the  others. 

Professor  Ritson  emphasizes  that  the  '  business'  end  of  the 
detonator  should  always  point  towards  the  charge.  One  of  the 
advantages  of  the  electric  detonator  is  that  it  can  be  placed  at  the 
bottom  of  the  drill-hole  (less  one  cartridge  as  a  *  buffer  '),  a  practice 
regarded  as  unsafe  in  fuse  blasting,  as  the  fuse  would  have  to  burn 
down  the  side  of  the  explosive.    In  safety  iuse  bWlm^^Xvek  ^^\,OTk»X»<^t 
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is,  therefore,  placed  at  the  top  of  the  hole,  less  one  cartridge  as  a 
buffer  to  the  stemming. 

Evidence  accruing  from  numerous  mines  indicates,  contrary  to 
Brig.  Stokes'  fears,  that  the  effect  of  diamond-drill  blasting  is  not 
prejudicial  to  the  normal  running  of  a  mine.  On  The  Kock  the 
air-blast  was  caused  principally  by  the  *  bellows  '  effect  of  the  back 
faUing  and  expelling  the  air  from  the  chamber.  When  the  back 
was  blasted  over  a  length  of  261  ft.  by  a  width  of  50  ft.,  falling 
some  20  ft.  (see  Fig.  11)  the  quantity  of  air  moved  was  some  261,000 
cu.  ft.  The  blast  emerging  from  the  12  ft.  by  12  ft.  adit  entry  was 
by  no  means  commensurate  with  this  figure,  so  it  would  appear 
that  some  remarkable  compression  and  eddy  effects  must  have 
taken  place  within  the  chamber.  Another  point  of  interest  is  that 
the  weight  of  rock  blasted  on  this  occasion  was  some  10,000  tons, 
so  that  some  200,000  ft.  tons  of  energy  was  expended  in  a  spUt 
fraction  of  a  second,  from  the  fall  alone.  When  the  electric  switch 
was  thrown  over  there  was  a  fairly  loud  rumble,  a  rush  of  air  out 
of  the  entry,  and  a  very  light  seismic  shock. 

•  The  amount  of  explosive  used  per  ton  of  rock  in  diamond-drill 
blasting  is  the  smallest  attainable  in  underground  mining.  This  may 
be  one  of  the  reasons  why  the  back  is  left  in  a  perfect  conditi(»i. 
The  amount  of  barring-down  needed  after  blasting  is  relatively  small, 
and  spot  levels  taken  along  the  arch  vary  by  a  few  inches  only. 

Lt.-Col.  Williams  remarks  that  the  methods  described  pertain  to 
the  post-1943  period.  I  had  made  this  point  in  my  Introduction 
and  in  my  opening  remarks,  but  in  a  more  general  way.  The 
diamond-drilling  technique,  the  standard  rounds  employed  (for- 
merly all  tunnels  of  large  cross-section  were  driven  at  8  ft.  by  8  ft. 
and  slashed  to  size,  except  those  driven  by  the  Canadian  Company), 
underground  spoil  boxes,  the  use  of  hole  directors,  detachable  bits 
and  of  electric  detonation,  all  belong  to  this  last  phase  of  the  mining, 
and  brought  the  efficiencv  almost  to  the  calculated  limit.  Anv 
further  advance  would  have  entailed  the  introduction  of  new 
methods. 

To  Professor  Ritson's  and  Mr.  S.  H.  De  La  Mare's  queries  re- 
specting the  fan  tests,  I  would  say  that  while  nearly  all  the  readings 
were  made  by  myself,  the  constancy  of  the  air  pressure  from  test  to 
test  may  have  varied,  as  we  had  no  master  air  gauges,  and  different 
fans  were  used  on  the  various  tests,  the  efficiencies  of  which  would 
not  be  quite  the  same.  The  iron  ducting  was  12  in.  in  diameter,  and 
each  length  telescoped  some  12  in.  into  the  adjacent  length.  The 
conclusions  to  be  drawn  from  the  tests  were  unmistakable  and 
guided  all  subsequent  ventilation  of  *  development '  ends. 
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When  the  systems  of  chambers  were  developed,  ventilation  no 
longer  depended  upon  fans.  By  means  of  draught-doors  across 
certain  of  the  entries,  natural  air  currents  wore  deflected  into  the 
chambers,  of  strength  suflftcient  to  obviate  the  need  for  fans  or  for 
exhaust  conditioners  on  the  excavators  and  lorries  operating 
within  the  chambers.  Such  conditioners  were  needed  only  on  the 
locomotives  servicing  development  ends.  Conditions  of  temperature 
and  humidity  were  excellent  throughout  the  year. 

Mr.  A.  F.  Skerl  will  find  details  of  electrically-driven  diamond- 
drills  in  an  article  entitled  *  Electric  Core  Drills  Stope  Soudan's 
Hard  Ore'.*  In  answer  to  his  second  question,  the  drillers  preferred 
the  smallest  possible  sizes  of  Rip-Bits,  as  their  use  speeded  up 
drilling  and  decreased  the  manual  effort  involved. 

In  replying  to  Mr.  A.  Alec  Jones,  servicing  and  all  but  major 
overhauls  of  underground  machinery  was  carried  out  underground, 
a  large  electrically-lighted  chamber  being  set  aside  for  this  purpose. 
On  the  survey  side,  and  again  in  answer  to  Mr.  Alec  Jones,  the 
symmetrical  lay-out  of  the  tunnels  made  it  comparatively  easy  to 
find  the  survey  stations.  Professor  Ritson's  bore-hole  survey 
instruments  are  much  too  large  to  enter  these  small  bore-holes. 
In  this  technique  of  blasting,  however,  I  should  always  recommend 
the  second,  or  inspection  slot,  which  gives  a  flat,  well-trimmed  end 
to  the  chamber ;  and  since  this  procedure  was  followed,  the  question 
of  bore-hole  survey  instruments  did  not  arise. 

A  detailed  study  of  the  geology  of  The  Rock  was  made  in  the 
«arly  years  of  the  war  by  Sgt.  A.  L.  Greig,  and  later  by  Capt. 
C.  B.  Alexander,  both  well-qualified  geologists.  In  the  lay-out  of 
the  tunnels  it  was  necessary  to  avoid  major  faults  and  broken 
ground  as  much  as  possible  and  it  was  desirable  that  the  larger 
chambers  should  run  parallel  to  the  dip  of  the  strata.  Capt. 
C.  B.  Alexander  pointed  out  that  caverns  and  solution  cavities 
would  be  most  pronounced  on  those  horizons  corresponding  to  the 
several  raised  beaches  on  The  Rock.  I  am  grateful  to  Mr.  Jones  for 
bringing  this  important  matter  forward. 

I  feel  that  members  will  appreciate  further  information  on  the 
cave — at  present,  I  believe,  unnamed — mentioned  by  Professor 
W.  R.  Jones.  This  ahnost  inaccessible  sea  cave,  in  the  eastern, 
precipitous  face  of  The  Rock,  had  been  entered  in  1907  by  a  Capt. 
Coram,  who  had  left  an  inscription  painted  on  the  wall.  It  was 
re-discovered  in  1945  by  two  R.E.M.E.  sappers,  whose  names  I  do 
not  recall,  and  reported  by  them  to  the  Rev.  F.  E.  Brown,  who  is 
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probably  tbe  greatest  scholar  on  The  Bock,  and  is  well  versed  in 
the  archsBology  of  southern  Spain.  The  Bev.  Brown  contacted  me, 
as  I  was  then  O.C.  Tonnellers,  and  showed  me  some  unbroken 
pottery  and  a  piece  of  ore — subsequently  identified  by  Professor 
Jones — from  the  cave.  We  both  realized  the  outstanding  impor- 
tance of  the  discovery,  of  which  the  Governor,  Sir  Balph  Eastwood, 
was  then  informed.  In  due  course  the  newly-arrived  geologist, 
Capt.  Alexander,  took  charge  of  operations,  and  displayed  con- 
siderable skill  in  making  the  preliminary  examination  and  report 
to  the  British  Museum. 

We  all  accompanied  the  Governor  on  the  first  visit,  which  was 
made  easy  by  the  use  of  his  launch.  The  cave  extended  back  some 
hundreds  of  feet,  and  the  floor,  covered  with  many  inches  of  soft, 
powdery  guano,  was  raised  some  70  ft.  above  the  sea,  and  consisted 
of  raised  beach  material,  the  cross-section  of  which  could  be 
examined  as  we  cUmbed  up  from  the  sea  to  the  entry.  Under  the 
guano,  and  in  the  first  few  inches  of  the  floor,  was  a  great  deal  of 
broken  pottery,  estimated  to  run  into  tons  in  weight,  and  down 
the  steep  face,  dropping  to  sea  level,  flints  and  bones  were  found. 
The  floor  was  marked  and  mapped  by  Capt.  Alexander,  and  the 
pottery  was  gathered  up  over  a  small  area.  These  fragments,  when 
washed  and  cleaned,  were  sorted  according  to  colour  and  texture 
and  soon  the  outlines  of  pottery  vessels  were  built  up. 

The  importance  of  southern  Spain  and  of  Gibraltar  in  the  study 
of  neolithic  remains  lies  in  the  fact  that  the  advancing  glaciers  of 
the  Ice  Age  drove  life  down  to  the  Mediterranean  coast,  where  the 
sea  formed  a  then  impassable  barrier,  isolating  Europe  from  Africa. 
That  mammoth  bones  and  bronze  rings  have  now  been  found  in  this 
cave  is  most  interesting,  but  some  30,000  tons  of  deposit  still 
await  examination  in  what  may  well  prove  to  be  one  of  the  most 
remarkable  finds  in  Europe.  Other  finds  of  fossil  bones,  principally 
of  a  species  of  carnivorous  deer,  were  made  during  the  tunnelling 
operations,  and  another  notable  discovery,  made  in  the  early  part 
of  the  war,  was  of  a  series  of  gigantic  underground  caverns — ^now 
known  as  Lower  St.  Michaers  Cave. 

On  this  note  of  interest,  coupled  with  a  word  of  thanks  to  Lt.-Col. 
D.  M.  Thomson,  for  his  human  remarks,  I  close  this  brief  account 
of  tunnelling  on  The  Rock.  It  was  undoubtedly  D.  M.  Thomson's 
genial  and  forceful  disposition,  together  with  the  foresight  of  Lord 
Gort  and  Lt.-Gen.  Sir  Noel  Mason  Macfarlane,  that  promoted  the 
initiation  of  this  great  work. 
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NOTICE  OF  ANNUAL  GENERAL  MEETING. 

The  ANNUAL  GENERAL  MEETING  of  the  Institution  of  liining 
and  Metallurgy  will  be  held,  by  kind  permission,  in  the  Apartments  of 
the  Geological  Society,  Burlington  House,  Piccadilly,  London,  W.l,  on 
THURSDAY,  MAY  16th,  1946,  at  4  o*clock  p.m. 

AGENDA 
Part  I  {open  to  Members  and  AasociaUs  only) : 

(1)  Minutes  of  the  previous  Annual  Greneral  Meeting. 

(2)  Appointment  of  Scutineers  to  examine  Balloting  Lists. 

(3)  Announcement  regarding  Benevolent  Fund. 
<4)  Report  of  Council  and  Accounts  for  1945. 

(5)  Appointment  of  Auditors. 

(6)  Votes  of  thanks. 

Tb«  Mid  light  refreshments  will  be  prorlded  at  4.80  p.in.  for  members  snd  ▼laltMV. 

Part  II  at  5.15  p.m.  {open  to  Membera^  Associates,  Students  and 

Visiiors)  : 

(7)  Presentation  of  Awards  : 

(a)  The  Qold  Medal  of  the  Institution. 

(6)  Certificate  of  Honorary  Membership. 

(c)  '  The  Consolidated  Gk)ld  Fields  of  South  Africa,  Limited  *  Qold. 
Medal  and  Premium  of  Forty  Guineas. 
<8)  PRESIDENTIAL  ADDRESS  by  Mr.  G.  F.  LAYCOCK. 
(9)  Report  of  Scrutineers  on  election  of  Members  of  Council. 


NOTICE   OF  GENERAL  MEETING. 


The  FIRST  ORDINARY  GENERAL  MEETING  of  the  Fifty-Sixth 
Session  of  the  Institution  of  Mining  and  Metallurgy  will  be  held,  also 
in  the  Apartments  of  the  Geological  Society,  on  THURSDAY,  JUNE 
20th,  1946,  at  5  o'clock  p.in.,  when  the  following  Paper,  of  which  a  copy 
is  attached,  will  be  submitted  for  discussion  : 

SandfiUing  at  Mufulira. 
By  A.  C.  TuBTON. 
Light  refreshments  will  be  provided  at  4.15  p.m.   for   members  and 
friends  attending  the  Meeting. 


FIFTY-SIXTH  SESSION  :    1946-1947. 
DATES  OF  SUBSEQUENT  MEETINGS. 

The  following  dates  have  been  provisionally  fijced  for  subsequent  Greneral 
Meetings  of  the  Institution  during  the  Session  1946-47  : 

1946.  1947. 

Thursday,  September  19th.  Thursday,  January  16th. 

„  October  17th.  „         February  20th. 

„  November  2l8t.  „         March  20th. 

December  19th.  „         April  17th. 

May  15th. 


IV  THE  INSTITUTION  OF  MINING  AND  MBTALLUBGY. 

ROYAL  ENGINEERS  WAR  MEMORIAL. 

The  following  announcement  is  published  at  the  request  of  the  Chief 
Royal  Engineer : 

The  Corps  of  Royal  Engineers  have  decided  to  provide  a  War  Memorial 
to  conunemorate  the  deeds  of  the  Corps  in  the  Second  World  War  and  to- 
honour  those  who  have  fallen.  An  appeal  for  subscriptions  has  been 
circulated  to  all  units  in  the  Corps,  but  it  is  certain  that  it  did  not  reach 
many  men  before  they  returned  to  civil  life. 

It  is  intended  to  provide  a  memorial  of  a  beneficent  type,  such  as  oottag» 
homes  for  the  disabled,  a  convalescent  home,  or  endowed  beds  in  hospitals, 
from  which  ex-soldiers  of  the  Corps  can  benefit. 

It  LB  hoped  that  members  of  the  Institution  who  served  in  the  Royal 
Engineers  and  have  not  already  subscribed  will  avail  themselves  of  this 
opportunity  of  contributing  towards  a  Memorial  which  will  8t«nd  for  all 
time  to  conunemorate  our  gallant  comrades  who  made  the  supreme  sacrifice. 

Subscriptions  should  be  sent  to  The  Honorary  Treasurer,  Royal  Engineers 
War  Memorial  Fund,  Gibraltar  Barracks,  Aldershot. 


SPECIAL   LECTURES   ON  VENTILATION   PROBLEMS   IN  ^MINING. 

A  series  of  four  lectures  on  ventilation  problems  in  mining  has  been 
arranged  by  the  Royal  School  of  Mines  and  will  be  delivered  in  their  Mining 
Department  at  Prince  Consort  Road,  London,  S.W.  7.  The  first  lecture, 
on  '  The  effect  of  humidity  on  working  efficiency  *,  will  have  been  delivered 
by  Professor  David  Brunt,  F.R.S.,  before  the  publication  of  this  Bulletin^ 
but  the  others  are  cks  follows : 

Tuesday,  May  14th  :  '  Dehumidification  of  mine  air  *,  by  Jack  Spalding, 

A.R.S.M.,  Assoc.  Inst.  M.M.  ; 
Tuesday,  June  18th  :  *  The  theory  of  air  flow  in  mines  ',  by  Professor 

I.  C.  F.  Statham,  M.Sc.  ; 
Thursday  June  27th  :  '  The  use  of  booster  and  auxiliary  fans  in  mines  \ 

by  Professor  I.  C.  F.  Statham,  M.Sc. 
The  lectures  will  bo  given  at  4.30  p.ra.,  and  no  charge  will  be  made  for 
admission. 


« FRENCH   NORTH   AFRICA '  :   REPORT  OF   MINERALS  DIVISION, 
BRITISH   ECONOMIC  MISSION,   ALGIERS. 

This  report,  by  three  members  of  the  British  Economic  Mission,  was 
prepared  with  the  object  of  presenting  to  the  Ministry  of  Supply  information 
and  views  gained  during  a  period  of  nearly  three  j'^ears  of  intensive  work  in 
North  Africa.  The  authors,  Messrs.  A.  H.  Steedman  (Chief,  Minerals 
Division),  Donald  Gill,  M.Inst.M.M.,  and  Andr6  Choubei*sky,  Assoc. 
Inst.  M.M.,  have,  with  the  Ministry's  pennission,  presented  a  copy  of  the 
report  to  the  Library  of  the  Institution,  where  it  is  available  to  members. 

The  report  consists  of  over  100  stencilled  foolscap  pages,  bound  with 
39  maps  and  plans,  and  there  are  25  Appendices  bound  separately  and 
illustrated  by  a  number  of  plans.  A  r^sum^  of  the  work  of  the  Minerals 
Division  and  descriptions  of  the  political  and  economic  background  of 
French  North  Africa  are  followed  by  chapters  on  the  phosphate  and  iron 
ore  industries  and  other  minerals,  and  there  are  sections  devoted  to  strategic 
minerals  unsuccessfully  invest igate<i,  metallurgical  residues,  and  a  forecast 
of  j>ossible  future  developments.  A  detailed  directory  of  mines  and  mineral 
occurrences  is  included,  and  the  mines  are  marked  on  one  of  the  maps, 
a  separate  coloured  copy  of  which  is  also  available.  Additional  notes 
on  many  of  the  mines  visitod  are  contained  in  the  Appendices.  Useful 
information  on  ports  and  roadsteads  and  a  chapter  of  statistics  closes 
the  report. 
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BALLOTING  UST  FOR  ELECTION  OF  MEMBERS  OF  COUNCIL. 

The  Council  wish  to  draw  the  attention  of  Members  and  Aaaooiates  to 
Section  IV,  clause  6,  of  the  By-Laws,  which  contains  the  following  pro- 
vision :  *  The  Council  shall  receive  the  name  of  any  Member  or  MembMS, 
submitted  in  writing  by  any  Member  or  Associate  previous  to  November 
Ist  in  any  year,  and  shall  decide  by  ballot  upon  the  inclusion  thereof,  or 
otherwise,  in  the  balloting  list  *. 

Any  Member  or  Associate  who  wishes  to  suggest  a  name  for  inclusion 
in  the  balloting  list  for  the  election  of  Members  of  Council  for  the  Sessioa 
1947-48  is  requested  to  notify  the  Secretary  of  the  Institution  before 
November  1st,  1946. 


UBRARY  SERVICE. 

The  Library  has  now  been  brought  back  to  London,  and  applications 
for  books  should  be  addressed  to  the  Librarian,  I.M.M.  and  I.M.E.  Joint 
Library,  424,  Salisbury  House,  London,  E.C.2.  Books  at  present  on 
loan  should  of  course  be  returned  to  this  address.  Members  who  ars 
unable  to  visit  the  Library  and  borrow  books  in  person  may  still  borrow 
them  by  post.    It  is  regretted  that  periodicals  cannot  be  lent. 


CANDIDATES  FOR  ADMISSION. 

Tht  Council  we/come  eommvnicatioM  to  auitt  thtm  In  deciding  whether  ike 
^ualificatiom  of  Candidate$  for  Admlulon  Into  the  Innitution  fiilfll  the  require' 
mmm  of  the  By'Lawi. 

The  Application  Formt  of  Candidate$  for  Memhenhip  or  AsMOclatethip  will  he 
epen  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  tme 
months  from  the  date  of  the  Bulletin  in  which  their  applications  are  anneuntad. 
The  following  have  applied  for  transfer  since  March  14th,  1946  : — 
To  Membership — 

Chappel,  John  Traer  {Harrow,  Middlesex). 

Dannatt,  Cecil  William  {London). 

Hawes,  James  Thomas  {La  Carolina,  Spcnn). 

Wardrop,  John  George  Leesete  {KirtUbridgt,  Dumfrieaakire). 

To  ASSOGIATBSHIP — 

Bath,  Silas  James  (Camborne,  Cornwall), 

Birkbeck,  James  Martin  {Roy€U  Engineers), 

Clark,  William  Lionel  QladweU  {Johannesburg,  Transvetal). 

DunsUm,  Arthur  Stanley  {Camborne,  Cornwall). 

Edwards,  Tom  {Johannesburg,  Tr<Mnsvaal). 

Fitch,  Frederick  Harry  {London), 

McCormick,  David  {Nelson,  New  Zealand). 

Monro,  Donald  Francis  {London{, 

Walker,  Stanley  Edmond  ^Selukwe,  Southern  Rhodesia). 
The  following  have  applied  for  admission  into  the  Institution  sinoe 
March  14th,  1946  i^ 
To  Membebshif — 

Qiegerioh,  Joseph  R.  {KimberUy,  Briti^  Columbia). 

Kirkpatriok,  William  Staffed  {Trail,  Briii^  Ooiumbia). 

Osbom,  Qeovge  Howard  {Ajfiesburiff  BudbtngtontHmV 
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CAMOIDATBS  FOR  ADIOS8I0II    e&nimutd. 

T6  AsBOCiAnnHiF — 

Arthdr»  John  Albmy  {Wetl  Rand,  Tranaveul). 

BtiBitt,  Gkmvantrai  Vmjalal  (Calcutta,  India), 

Qoberty  Mandl  Joseph  {/Selkirk,  Manitoba,  Canada). 

JacomiB,  Constantinoa  Anthony  {Mbctrant,  Vffonda). 

Kriahnanwamy,  Eiapally  {Champion  JReefo,  8ouih  India), 

Napier,  Alozander  Niecd  {Abom>,  OM  Coeui), 
To  Stodjbjutshif — 

Daniel,  Kenneth  Edward  {Binningham,  Warunckshire), 

Earl,  Stephen  James  (London). 

Edwards,  Richard  Charies  John  {Bushey,  Hert/ordahin), 

Follows,  Edward  Arthur  (Birmingkamt  Warwickshire), 

Goodwin,  James  (Derby). 
.  Quarm,  Thomas  Alfred  Arthur  (London). 


TRANSFERS  AND  ELECTIONS. 

The  following  have  been  tranaferred  (subject  to  confirmation  in  acoord-> 
ance  with  the  conditions  of  the  By-Laws)  since  March  14th,  1946  : — 
To  Mbmbebship — 

French,  Jack  Hayward  (Klerkedorp,  Tranevaal). 
..     Grey*  Donald  William  John  (Morro  VeUto,  Brazil), 
Lamb,  Cyril  Leonard  {fiprinqa,  TranmmaH^, 

Lethbridge,     Robert     Frederick     St.     George     (Hen/ey^on-^Aomas,. 
'    (kcfordOwre). 
Riokard,  Ren6  Emile  (Manchester,  Lancashire). 

-    To  ASSOCIATBSHIF — 

Calhoun,  Clarence  (LUmffoUen,  Denbighshire). 

Greenberg,  Reginald  (Johannesbttrg,  Transvaal). 

Peck,  Arthur  (Longbenton,  Northumberland). 

Terry,  Leo  (Bttlawayo,  Southern  Rhodesia). 

Thurston,  Frank  Edward  (Nsuta,  Gold  Coast). 

Webb,  John  Stuart  (London). 
The  following  have  been  elected  (subject  to  confirmation  in  accordanoo 
with  the  conditions  of  the  By-Laws)  since  March  14th,  1946  : — 
To  Membership — 

Warden,  Thomas  Wilkie  Muir  (London). 

To  ASBOCIATESHIP — 

Dorrell,  William  John  (Kistimu,  Ker^ya). 

Ellis,  William  John  (Oreymouth,  New  Zealand). 

Foley,  Thomas  Michael  (London), 

Fletcher,  Frank  Frederick  Flitcroft  (Oravesend,  Kent). 

Harding,  Ernest  Fleetwood  Stringfelldw  (Kitwe,  Northern  Rhodesia)^ 

King,  Andrew  Ian  (Barbtrton,  Tr<msvaal). 

Kirkup,  John  Leadbitter  (Alston,  Cumberland). 

Mann,  Alfred  (Bukuru,  Northern  Nigeria). 

Mann,  Marshall  Douglas  Scott  (Wankie,  Southern  Rhodesia). 

Morris,  Donald  Henry  (Asfiby-de-la-Zouch,  Leicestershire). 

Nixon,  William  James  (Mufitlira,  Northern  Rhodesia). 
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TRANSFERS  AND  ELBCTlGHS^^tohHnued. 

Poiglase,  Philip  Henry  {Sheffield^  Yorkshire), 
Simon,  Ren6  Oakley  {Tonbridge,  Kent)  (reinstatement). 
To  Studentship — 

Dogan,  Mustafa  Zel^i  {London), 

Hall6,  Charles  Edwin  Henton  {Manchester,  Lancashire), 

^^S8»  Charles  William  {London). 

Spence,  Wilfrid  Ian  ( Vereenigingf  Transvaal)  (reinstatement). 

Stephens,  John  Nolan  {Mosgiel,  New  Zealand). 

Taute,  Andries  Hendrik  {Erfpacht,  Cape  Province). 


MEMBERS  ON  SERVICE  WITH   H.M.   FORCES. 

A  full  list  was  published  in  Bulletin  No.  456,  September^  1942.       The 
following  additions  or  changes  are  supplementary  to  those  already  publishedf 

ASSOCIATES.  J 

Major  J.  Bowen  M.C.,  Royal  Efigineers  (Promoted). 

Lieutenant  E.  B.  Da  vies.  Royal  Artillery.  .  ' 

Sergeant  L.  Dobson,  Royal  Army  Medical  Corps  (Promoted). 

Colonel  D.  T.  Hudson,  D.S.O.  General  List  (Awarded  the  O.B.E.). 

Major  F.  J.  B.  Somerset,  Royal  Engineers. 


NEWS  OF  MEMBERS. 

fAtmbtn,  Associatts  and  Students  are  invited  to  supply  the  Secretary  with 
personal  news  for  publication  under  this  heading. 

Professor  F.  Stuakt  Atkinson,  Member,  has  resigned  his  position  at 
Lee<:lB  University  to  take  up  a  post  with  Messrs.  Shaw,  Wallace  &  Co.; 
Calcutta. 

Mr.  A.  Bean,  Member,  has  left  England  to  resmne  his  former  duties  at 
Kuala  Lumpur  with  the  Mines  Department,  Malaya. 

Mr.  P.  Best,  Assodaie,  is  returning  to  England  on  furlough  from  Mysore* 

Mr.  C.  E.  Blackett,  Member,  has  resigned  the  position  of  general 
manager,  New  Occidental  Gold  Mines,  N.L.,  Cobar,  N.S.W. 

Lt.-Col.  H.  H.  W.  Boyes,  M.C,  Member,  has  an-ived  in  England  from 
Nigeria. 

Mr.  J.  K.  Bkoaduubst,  Associate,  has  been  released  from  the  Australian 
Imperial  Forces  and  expects  to  arrive  in  England  shortly  on  leave. 

Mr.  M.  A.  Bbooejc,  Associate,  has  been  demobilized  from  the  Australian 
Imperial  Forces  and  has  returned  to  Malaya. 

Mr.  H.  F.  Burton,  Student,  has  joined  the  staff  of  the  Bisichi  Tin  Co. 
(Nigeria),  Ltd. 

Mr.  F.  A.  Campbell,  Student,  has  completed  his  engagement  in  Fiji 
and  has  resumed  work  with  Gold  Mines  of  Australia,  Ltd. 

Mr.  W.  J.  Carlyle,  Student,  has  been  released  from  the  R.A.F.  and  is 
now  on  demobilization  leave. 

Mr.  F.  M.  Chapman,  Associate,  has  left  Australia  and  has  joined  the 
staff  of  Anglo -Oriental  (Malaya),  Ltd.,  at  Kuala  Lumpiu*. 

Mr.  L.  A.  Crozieb,  Associate,  has  arrived  in  Bolivia  from  AustraUa  and 
has  joined  the  staff  of  Patifio  Mines  &  Enterprises  Consolidated  (Inc.). 
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Mr.  A.  Ctvbtbcka,  Aaaodaie,  ezpeots  to  leave  England  soon  to  {em  tbo 
staff  of  Frontino  Gold  Minee,  Ltd. 

Mr.  K.  V.  CuNUFFB,  Associaie,  formerly  of  Randfontein,  has  jained 
the  staff  of  African  Associated  Mines,  Ltd.,  Bulawayo. 

Mr.  £.  V.  Dabb,  Atsoeiaiet  is  leaving  England  for  Malaya. 

Mr.  E.  J.  Daniel,  Agaociaie,  has  been  released  from  the  Indian  Enginesfs 
and  has  resumed  his  i^pointment  with  Lraq  Petroleum  Co.,  Ltd. 

Mr.  K.  H.  Davison,  Awociaiet  has  arrived  in  England  on  three  months* 
leave  from  Argentina. 

Mr.  W.  DoucH,  Associate,  has  joined  the  staff  of  Mawchi  Mines,  Ltd. 

Mr.  G.  H.  Faibmaid,  Member,  has  left  England  on  his  return  to  Pahang 
Consolidated  Co.,  Ltd.  Malaya. 

Mr.  F.  H.  FrrcR,  Student,  has  returned  to  England  from  Australia  where 
he  was  on  leave  after  release  from  a  Japanese  prisoner-of-war  camp.  He 
expects  to  resume  work  shortly  with  the  Geological  Survey  of  Mala3ra. 

Mr.  R.  Flbischman,  Student,  has  joined  the  staff  of  New  Oooidenfeal 
Gold  Mines,  N.L.,  Cobar,  N.S.W.,  as  assistant  metallurgist. 

Mr.  A.  S.  FoNO,  Student,  having  been  released  from  internment,  has 
lejoined  the  staff  of  An^o-Oriental  (Mala3ra),  Ltd. 

Mr.  W.  A.  A.  Fbkeman,  Student,  has  been  demobilized  from  the  Australian 
Imperial  Forces  and  is  taking  up  employment  in  Colombia  with  Plaoer 
Development,  Ltd. 

Mr.  W.  P.  Gaskbll,  Associate,  has  returned  to  England  on  leave  from 
Nigeria. 

Mr.  K.  B.  GooDE,  Member,  has  returned  to  Mawchi  Mines,  Ltd.,  Burma. 

Mr.  R.  C.  J.  Goods,  Associate,  has  been  demobilized  and  has  returned  to 
Oeduld  Proprietary  Mines,  Ltd.  ^ 

Mr.  P.  G.  J.  Gray,  AasockUe,  has  been  demobilized  and  has  left  England 
for  Rio  Tinto,  Spain. 

Mr.  S.  V.  Griffith,  Member,  has  left  England  to  join  the  staff  of  London 
and  African  Mining  Trust,  Ltd.,  Gold  Coast. 

Mr.  J.  M.  B.  GuNDRY,  Student,  has  arrive<i  in  England  on  leave  from  the 
Transvaal. 

Mr.  G.  L.  Hatrkrly,  D.F.C,  Student,  has  been  demobilized  from  the 
R.A.F.  and  is  in  England. 

Mr.  J.  Hays,  Student,  has  been  demobilized  from  the  Royal  Artillery. 

Mr.  H.  HocKiNO,  Associate,  has  arrived  in  England  from  Australia  where 
he  has  been  recuperating  since  his  release  from  internment. 

Mr.  R.  C.  A.  Hooper,  Student,  is  returning  to  England  on  leave  from  the 
Qokl  Coast. 

Mr.  S.  Ramflen  Jones,  Associ€U€,  who  was  interned  at  Singapore,  has 
vesuined  his  consulting  practice  at  Kuala  Lumpur. 

Mr.  H.  E.  Jossblyn,  D.S.C.,  AssodfUe,  has  been  released  from  the 
R.N.V.R.  and  has  been  transferred  to  the  Malayan  Civil  Service. 

Dr.  N.  R.  JuNNER,  O.B.E,,  M.C,  Member,  has  retired  from  the  Gold 
Coast  Geological  Survey  and  has  been  appointed  Consulting  Geologist  to 
Selection  Trust,  Ltd. 

Mr.  R.  John  Lemmon,  Member,  has  terminated  his  appointment  as  H.Q. 
Inspector,  Non-Ferrous  Section  of  the  Inspectorate  of  Fighting  Vehicles. 
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Mr.  Ben  Liqhtvoot,  AaBOokUe^  has  retired  froii\  the  Geological  Survey 
»f  Rhodesia  and  is  returning  to  En^^and. 

Mr.  C.  W.  LocH»  Member,  has  relinquished  his  post  as  Assistant  Manager 
>t  a  Royal  Ordnance  Factory  in  Lancashire. 

Dr.  R.  B.  McCoNNEiiL,  Aaeociate,  has  returned  to  England  on  leave 
rosn  Tanganyika. 

Mr.  J.  A.  McIntybe,  AemKiaU^  formerly  a  prisoner  of  war  in  Singapore, 
las  returned  to  Sydney,  N.S.W.,  for  recuperation  and  a  holiday. 

Mr.  G.  A.  P.  MooBHSAD,  M.B.E.,  Aaeociaie,  has  been  appointed  Com- 
oissioner  of  Lands  and  Mines,  British  Guiana. 

Mr.  D.  A.  O.  MoBOAN,  Student,  has  been  demobilized  and  has  resumed  his 
tudies  at  the  Royal  School  of  Mines. 

Mr.  R.  MuAKAY-HuGHSS,  Member,  has  left  England  on  a  short  visit  to 
Tugoslavia. 

Mr.  P.  I.  A.  Narayanan,  Aaaociate,  has  left  the  Gieological  Survey  of 
ndia  to  take  up  the  post  of  mill  superintendent  in  the  Zawar  lead-zinc 
lines. 

Mr.  A.  W.  NoRBiB,  A890ci€Ue,  has  been  discharged  from  the  R.A.A.F., 
nd  after  visiting  New  Zealand  expects  to  go  to  Canada. 

Mr.  W.  P.  H.  Parkinson,  Student,  has  joined  the  staff  of  the  United 
teel  Co.,  Ltd.,  at  their  Risehow  colliery. 

Mr.  C.  H.  Richards,  Member,  hopes  to  be  in  England  shortly  on  leave 
■om  Uruwira  Minerals,  Ltd.,  Tanganyika. 

Mr.  J.  A.  Richardson,  Associate,  has  joined  the  staff  of  N.  V.  de 
tataafsche  Petroleum  Maatschappij  at  Lensbury,  preparatory  to  going 
broad  later  this  year. 

Mr.  Bryan  Roe,  Associate,  is  leaving  England  to  join  the  staff  of  the 
onsolidated  Tin  Mines  of  Burma,  Ltd. 

Mr.  N.  R.  ScHiNDLKR,  Assoc'uUe,  has  discontinued  his  private  consulting 
x>rk  and  is  taking  up  an  appointment  with  the  General  Mining  and  Finance 
orporation  of  Johannesburg  at  their  West  Rand  Consolidated  mine. 

Mr.  G.  A.  ScHNELLMANN,  Assoctote,  expects  to  be  demobilized  shortly 
ad  is  returning  to  England  from  India. 

Mr.  F.  G.  Sharp,  Associate,  who  has  been  assisting  Champion  Reef 
old  Mines  of  India,  Ltd.,  has  now  returned  to  Mysore  Gold  Mining  Co.,  Ltd. 
Mr.  H.  Simon,  Associate,  has  left  Crown  Mines,  Ltd.,  on  his  appointment 
I  manager,  Eastern  Section,  Consolidated  Main  Reef  Mines  &  Estate,  Ltd. 
Mr.  R.  H.  Skelton,  Member,  has  left  England  on  a  visit  to  Austraha. 
Mr.  H.  W.  Smith,  Associate,  who  has  been  seconded  from  U.N.R.R.A.  to 
le  British  Economic  Mission  to  Greece,  expects  to  return  to  England  on 
ave  in  July. 

Mr.  R.  Smythe,  Associate,  has  been  demobilized  and  after  leave  he  will 
turn  to  Nundydroog  Mines,  Ltd.,  Mysore  State. 

Mr.  G.  Starmans,  Associate,  has  recently  been  appoint^  assistant 
igineer-liydrologist  to  the  Public  Works  Department,  Kenya. 
Brig.  R.  S.  G.  Stokes,  C.B.E.,  D.S.O,,  M.C.,  Member,  has  left  England 
i  a  two-months'  visit  to  the  United  States,  the  West  Indies  and  Venezuela. 
Mr.  W,  E.  Storey,  Associate,  having  been  demobilized,  lias  joined  the 
aff  of  Rose  Deep,  Ltd.,  Transvacd. 
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Mr.  J.  £.  STRunoEBS,  Asaociaie,  has  joined  the  I>Bpartiii6iit  of  Mines  and 
Works,  Gwelo,  as  District  Metallurgist. 

Mr.  R.  Tbalb,  SiudefUj  has  arrived  in  England  on  his  return  from  Sierra 
Leone. 

Mr.  K.  L.  G.  Tkbrkll,  AMOciaU,  has  left  England  to  join  the  staff  of 
Frontino  Gold  Mines,  Ltd. 

Mr.  C.  T.  Thomas,  AMOciaU,  has  left  England  on  his  return  to  Malaya. 

Mr.  L.  Vai-ohan,  Member,  has  returned  to  England  from  Malaya,  where 
ho  has  beenr  employed  on  the  Chinese  mining  rehabilitation  scheme, 

Mr.  F.  H.  Way,  AseociaU,  formerly  with  the  Pahang  Consolidated  Co., 
Ltd.,  and  interned  by  the  Japanese,  has  arrived  in 'England. 

Mr.  J.  S.  Webb,  Aesociate,  was  awarded  a  Beit  Scientific  Research 
Fellowship  at  the  Royal  School  of  Mines  in  1945. 

Mr.  J.  Weekusy,  0,B.E.,  Member,  expects  to  return  to  Malaya  shortly. 

Mr.  P.  WB8TEBBERO,  AMOcktU,  hss  been  released  from  the  Army  to  take 
up  a  temporary  position  as  Inspector  in  the  Lands,  Mines  and  Surveys 
Department  of  Kenya. 

Mr.  J.  D.  WfLLSON,  AsBociaU,  has  left  England  to  take  up  an  appointment 
with  Beralt  Tin  &  Wolfram,  Ltd.,  Portugal. 

Mr.  L.  WiLTOK,  Siudent,  has  left  England  to  join  the  stall  of  Frontino 
Gold  Mines,  Ltd. 


INFORMATION  REQUIRED. 

The  Secretary  would  be  glad  to  receive  news  of  the  following  Members, 
Associates  and  Students  from  whom  no  communications  have  reached  the 
Tnstitution  for  several  years  : 

A. — Reported  as  having  been  prisoners  of  war  or  internees. 
Burma  :  Sgt.  A.  J.  Bell,  Associate. 
Germany:  Lt.theHon.D.C.  Feilding,  R.E.,;Srii4iief>/ ;  Lt.  R.  H.  S.  Haydon, 

R.E.,  Associate  ;  Lt.  J.  E.  Kemick,  R.E.,  Student, 
Java  :  M.  C.  FitsHerbert,  R.A.F.,  Student. 
Malaya  :  U.  A.  Coates,  Member  ;  J.  D.  Kemp,  Associ€Ue  ;  Pte.  L.  L  Watt, 

F.M.S.V.F.,  Associate. 
SiAM  :  L/Cpl.  W.  L.  H.  Morrison,  F.M.S.V.F.,  Associate. 

B. — Members  whose  last  address  was  in  an  enemy  or 
enemy-occupied  country. 
Belgium  :  J.  G.  J.  Parfondry,  Associate. 
Burma  :  F.  W.  Jackson,  Associate;  G.  L.  Loonba,  Student ;  C.  J.  J.  Reed, 

Associate  ;  G.  C.  J.  Rotter,  Student ;  G.  C.  Walters,  Associate* 
Channel  Islands  :  R.  B.  D.  Jackson,  Student ;  C.  P.  Joumeaux,  Student. 
China  :  K.  Y.  Kwang,  Metnber. 
Czecho-Slovakia  :  Prof.  B.  Stoces,  Member. 
Denmark  :  R.  Underwood  Jarvis,  Metuber. 
Germany  :  P.  Trotzig,  Member. 

Holland  :  M.  A.  Provily,  Student.  > 

Italy  :  A.  Lheraud,  Associate ;  J.  A.  Nogara,  Associate  ;  F.  J..  Wydler- 

HoUlb,  Associate. 
Japan  :  H.  Hunter,  AssocicUe. 
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Korea  :  K.  I.  Yun,  Member. 

Malaya  :  R.  P.  Brash,  Memhtr  ;  A.  Bums,  Student ;  H.  B.  Hall,  ABMciaie  ; 

\V.  J.  D.  Kloezeman,  Associate ;  P.  O.  Shiel,  Associate ;    J.  Thomaon, 

Stttdent ;  E.  J.  Vallentine,  Member  (belie\'ed  to  have  been  iii  Xew  Zealand 

i^ecently) ;  C.  W.  Wicks,  Asnociate  ;  A.  T.  Wpod,  Student, 
Manchitiia  :  B.  J.  Bryner,  Associfite. 
Nethbklands  East  Indies  :  T.  Haden,  AssociaU  ;  P.  J.  Jansen,  Member ; 

N.  J.  Kuiper,  Associate  ;  A.  B.  M.  Meyer,  Student. 
Norway  :  8.  Blekum,  Associate  ;  N,  E.  Lenander,  Member. 
Philippine    Islands  :  M.   M.    Aycardo,    Jr.,  Student ;  R.    G.    Beigman, 

Associate  ;  F.  Qarrido,  Member  ;  A.  B.  Rowe,  Associate  ;    A.  Wellhaven, 

Metuber. 
:SiAM  :  A.  Buranasiri,  Student ;  A.  L.  Fredericks,  Associate  ;  R.  M.  Hannah, 

Student;  C.C.  W.  LiddeIoi%',  Metnber;  P.  Sukhum,  Associate;  R.  J.  Sunnmr, 

Associate. 


OBITUARY. 


Horace  Percival  Allwright  died  at  the  Royal  Infirmary,  Derby, 
on  December,  26th  1945,  at  the  age  of  46.  He  served  in  the  Forces  hi  the 
1914-18  War  and  was  subsequently  employed  in  Government  adminis- 
trative service  in  Baghdad.  In  1922  he  went  to  Nigeria  for  Messrs.  John 
Holt  &  Co.  (Li\'erpool),  Ltd.,  and  later  worked  both  there  and  on  the 
<jloId  Coast  for  a  firm  of  motor  engineers.  In  1933  he  began  alluvial  gK^d 
mining  activities  on  his  own  account  and  in  1935  he  formed  Potashi  <3old 
Estates,  Ltd.,  of  which  he  was  general  manager  and  director.  He  continued 
in  this  work,  with  the  exception  of  a  period  of  war  work  on  Nigerian  tin 
mines,  until  March,  1945,  when  he  became  very  ill  and  spent  some  months 
in  hospital  before  being  invalided  home  to  England. 

He  was  elected  to  Associateship  of  the  Institution  in  1945. 

Jehu  Berry,  a  Rand  Pioneer,  died  in  Johannesburg  on  February  17th, 
1 946,  at  the  age  of  79.  Bom  in  Rochdale,  Lancashire,  he  serx'ed  an  engineer- 
ing apprenticeship  at  the  Vulcan  Foundry,  Xewton-le- Willows,  and  then 
spent  five  yecurs  in  the  U.S.A.,  for  three-and-a-lia1f  of  which  he  was  working 
■at  the  Union  Iron  Works.  San  Francisco.  He  then  went  to  South  Africa 
.and  was  at  first  engaged  as  an  assistant  engineer  during  the  erection  of  plant 
«t  the  City  and  Suburban  and  Robinson  Gold  Mining  Companies.  From 
1893  to  1905  he  was  chief  mechanical  engineer  to  various  gold  mines, 
including  Cro^ni  Deep,  Jupiter,  Sinuner  and  Jack  West,  South  Geldenhuis, 
4ind  Robinson  Df^p,  and  was  a  member  of  the  Board  of  Examiners  of  the 
Transvaal  Mines  Department.  In  1905  he  went  to  the  Gold  Coast  as  general 
manager  of  the  Abbontiakoon,  Effuenta  and  Fanti  Mines  in  the  Tarkwa 
•<Iistrict,  and  subsequently  took  a  similar  position  at  Prestea  Block  A  mine. 
After  several  vears  ho  returned  to  South  Africa  and  from  1912  to  1914 
•conducted  a  consulting  practice  in  Johannesburg'.  In  the  latter  year  he 
-came  to  England  and  discovered  oil-shale  deposits  at  Kilve,  Somerset. 
During  the  period  1915-19  he  was  general  manager  of  the  Wantage  Engineer- 
ing Works  in  Berkshire,  and  on  leaving  this  appointment  he  erected  cxyci- 
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denser  plant  at  Kilve  and  extracted  oil  from  the  shale  he  had  previousl^^ 
foiuid  there.  He  stibsequently  designed  and  erected  rotary  oil  retorts  at 
Hythe  for  the  Estonia  oilfields.  Mr.  Berry  travelled  extensively  in  Japan, 
China  and  Canada,  and  finally  retired  and  lived  in  South  Africa,  retaining 
a  keen  interest  in  mining  ventures.  He  was  a  Member  of  the  Institution 
from  1908  until  his  retirement  in  1943. 

Maxwell  Campbell  Gorbett  died  in  Mexico  City  on  June  23rd,  1044,. 
at  the  age  of  58.  He  was  bom  in  New  Zealand  and  received  his  training  at 
Auckland  University  CoUc^  School  of  Mines.  He  went  to  Perak,  Malaya, 
at  the  beginning  of  1910,  on  his  appointment  as  cHsistant  manager  tO' 
Separators,  Ltd.  In  November,  1911,  he  also  took  up  the  p>osition  of 
assistant  manager  of  the  Now  Leh  Chin  Mine,  Ltd.,  which  he  left  a  yoar 
later  to  become  assistant  to  Jabus  (Tin)  Hydraulic  Elevators,  Ltd.,  six 
months  afterwards  accepting  the  position  of  manager  and  attorney.  He- 
was  also  at  that  time  manager  of  the  Chenderiang  Valley  Tin  Dredging  Co.,. 
Ltd.,  and  on  the  amalgamation  of  this  company  and  Jabus  (Tin)  Hydraulic 
Elevators  in  1914  he  relinquished  his  appointments  with  them,  remaining 
with  Separators,  Ltd.,  as  general  manager  and  attorney  cmd  taking  up  the 
position  of  manager  and  attorney  of  the  New  Leh  Chin  Mine,  Ltd.  For 
two  years,  from  1913  to  1915,  he  was  ^igaged  in  the  temporary  management 
of  Ipoh  Tin  Dredging,  Ltd.,  entailing  the  general  preparation  of  the  com- 
pany's site.  In  November,  1914,  he  was  appointed  general  manager  of  the 
Ulu  Piah  Co.,  Ltd.,  in  Perak,  which  position  he  held  for  four  years  mitil 
ill  health  caused  him  to  resign  and  visit  Australia,  leaving  the  employ  of 
Separators,  Ltd.,  at  the  same  time,  but  continuing  to  hold  his  position 
with  the  New  Leh  Chin  Mine  until  November,  1919.  Ho  then  turned  his- 
attention  to  a  property  for  the  development  of  which  a  company  called 
Johan  Tin  Dredging,  Ltd.,  was  formed,  udth  Mr.  Corbett  as  manager. 
Details  of  his  subsequent  work  are  not  known,  but  it  is  believed  tliat  he 
remained  in  Malaya  mitil  the  Japanese  invasion.  Mr.  Corbett  was  elected 
to  Studentship  in  1909,  and  was  tran8ferre<l  to  Associat^ship  in  1919. 

Hugh  Ostle  Crighton  died  on  February  lotli,  1946,  at  Kanipula 
European  Hospital,  Uganda,  at  tlie  age  of  67.  H<»  was  educat'Cd  at  Bedford 
Grammar  School  and  Lausanne,  Switzcrlantl.  In  1891^  he  took  up  employ- 
ment OS  assistant  to  the  general  manager  of  Burrakur  Coal  Co.,  Ltd.,  at 
their  Gourangdi  colliery,  Bengal,  three  years  later  being  appoint^xi  assistant 
in  charge  of  their  Jamgrain  colliery.  In  1904  lie  rt^turuod  to  England  and 
took  a  course  in  Mining  at  the  Camborne  School  of  Mines,  obtaining  a 
first  class  Diploma  in  1906.  He  went  to  Perak,  F.M.S.,  in  August  of  that 
year,  where  he  held  the  positions  of  ctssistAnt  manager,  and  subsequently 
manager,  of  the  Fusing  Lama  tin  mines,  leaving  in  1909  to  become  general 
manager  in  Nigeria  for  the  Nigerian  Tin  Corporation,  Lt<l.  In  1915  ho  was. 
comniissioned  in  the  Royal  Engineers  and  servecl  with  a  Field  Company  in 
Mesopotamia ;  lie  was  appouited  acting  adjutant,  K.E.,  17th  Indian 
Division,  and,  in  1918,  adjutant,  R.E.,  in  Persia.  He  returned  to  civilian 
life  in  1919,  joining  the  Niger  Co.,  Ltd.,  as  assistant  engineer  in  the  mining 
department,  whei-e  ho  remained  for  two  years,  and  in  1927  and  1928  was 
engineer  in   charge  of  operation.s   in   Uganda  for   Ankole  Tinfields,   Ltd. 
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'Hr.  Crighton  went  to  Ecuador  in  1928  in  the  position  of  chief  assistant, 
&ntiago  Properties,  Ltd.,  and  from  1932  to  1933  was  assayer  and  pros- 
pector at  Taquah  and  Abosso  Gold  Mines,  Ltd.,  West  Africa.  Since  1933  he 
liad  been  operating  his  own  tin  mine  at  Kikagati,  Uganda. 

Mr.  Crighton  was  elected  a  Student  of  the  Institution  in  1905  and  was 
transferred  to  Associateship  in  1907. 

Gerald  Leo  Devitt  died  on  October  30th,  1945,  at  the  early  age  of  42. 
He  was  born  in  Bulawayo,  and  received  his  metallurgical  training  at  Falcon 
mine  laboratories,  Um\'uma,  Southern  Rhodesia,  from  January,  1921,  to 
July,  1925.    The  following  month  he  joined  the  staff  of  Northern  Rhodesia 
•Co.,  Ltd.,  on  a  geological  expedition  to  Central  Africa  lasting  three  months, 
-and  in  January,  1926,  he  took  up  an  appointment  as  assayer  at  the  Alaska 
and  Copper  Queen  mines,  Lomagundi  District,  Southern  Rhodesia,  where 
he  remained  for  two  yean.    From  February,  1928,  to  Januar5%  1930,  he 
•did  underground  contract  work  on  the  Mabekwe  asbestos  mines.  Fort 
Victoria  District,  and  was  subsequently  appointed  assistant  assayer  at 
Tlie  Standard  Bank  of  South  Africa,  Ltd.,  at  Bulawayo,  being  transferred 
nearly  five  years  later  to  Gwelo  as  chief  assayer.    Mr.  Devitt  went  to  the 
Dokuripe  mine.  Northern  Territories,  Gold  Coast,  in  1938,  but  returned  to 
England  in  the  following  year.    He  was  elected  an  Associate  of  the  Institu- 
tion in  1936. 

Brigadier  George  Maitland  Edwards,  D.S.O.,  died  at  his  home  in 
London  on  March  27th,  1946,  at  the  age  of  63.  He  received  his  mining 
training  in  Cumberland,  where  he  served  an  apprenticeship  with  Brayton 
Domain  Collieries,  Ltd.,  and  studied  mining  subjects  at  Aspatria  Science 
■College,  Carlisle.  In  1900  he  went  to  Queensland,  where  he  worked  on 
various  gold  mines  until  1902,  when  he  left  for  Siberia.  After  spending  two 
years  at  the  gold  mines  of  Katchkar,  he  was 'appointed  manager  of  the 
Baku  Zabrat  Petroleum  Co.,  Ltd.,  in  1904,  and  when  that  work  was  in- 
terrupted by  revolution  in  the  following  year  he  took  over  the  management 
of  the  Caucasus  Asphalt  Co.,  Ltd.  Aftor  a  visit  to  England  in  1906  he 
retiimeti  to  Siberia  and  worked  on  copper  and  gold  mines  in  the  Urals  until 
1908,  when  ho  decided  to  specialize  in  petroleum.  For  the  next  three  years 
.he  visited  oilfields  in  Burma,  Java,  Smnatra  and  Borneo,  and  in  June,  1911, 
returned  to  London  and  set  up  in  practice  as  a  consulting  oil  engineer.  A 
year  later,  however,  he  took  up  the  appointment  of  adviser  to  the  Mines 
Depeu^ment  at  Constantinople  and  some  of  his  observations  were  pub- 
lished in  a  paper  entitled  '  Notes  on  Mines  of  the  Ottoman  Empii*e  *  {Trans- 
actions^  vol.  xxiii,  1913-14).  In  1913  he  returnee!  home,  and  later  reported 
on  oil  lands  in  Oklahoma.  He  joined  the  Royal  Artillery  on  the  outbreak  of 
war  in  1914,  and  after  serving  in  France  was  sent  to  Gallipoli,  whei*o  he 
volunteered  for  mining  operations  under  Colonel  H.  W.  Laws.  On  the 
evacuation  of  Gallipoli  he  took  hLs  unit  to  France,  and  was  given  command 
of  2.54  Tunnelling  Company,  R.E.,  and  in  1917  wtw  sent  to  Russia  as  a  st€kff 
officer,  whore  he  served  until  1918.  He  was  demobilized  in  1919  with  the 
rank  of  lieutenant-colonel,  having  been  awarded  the  D.S.O.,  Croix  de 
-Guerre  and  other  foreign  <lecorations. 
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Owing  to  ill-health.  Brigadier  Edwards  was  unable  to  resume  profesaioiiar 
work  until  1924,  when  he  took  up  the  management  of  the  Phoenicia  Tin 
Mines,  Spain,  and  in  1926  he  restarted  his  consulting  practice.    During  the^ 
following  thirteen  years  he  reported  on  deposits  in  Greece,  Portugal  and 
Morocco,  and  was  consultant  to  several  mining  companies.    When  the  War 
Office  decided  to  re-form  Tunnelling  Companies  of  the  Royal  Engineers  late 
in  1939,  he  was  commissioned  as  O.C.  of  the  first  Company,  which  went  t<y 
France  in  1939.     Early  in  1940  it  was  used  as  the  nucleus  of  a  group  of 
Companies,   with  Edwards,   now  lieutenant -colonel  again,   in  command. 
Further  expansion  was  intended,  and  Edwards  and  several  officers  selected 
as  C.O.S  of  new  groups  were  sent  to  England  just  before  the  German  break- 
through, and  were  not  permitted  to  return.    In  the  Army  re-organization 
after  Dunkirk,   Edwards  was  promoted   to   the   rank   of   brigadier,   and 
appointed  Chief  Engineer  of  an  Army  Corps,  where  he  remained  until  his^ 
retirement  imder  the  age  limit.     He  was  thereupon  appointed  Deputy 
Director  (Prospecting)  of  Opencast  Coal  Production,  Ministry  of  Supply,'' 
and  in  that  capacity  organized  a  large  team  of  mining  engineers,  nearly, 
all  members  of  the  Institution.     He  resigned  from  this  position,  owing  to* 
ill  health,  towards  the  end  of  1945. 

Brigadier  Edwards  was  elected  an  Associate  of  the  Institution  in  1908^ 

Lawrence  Lyon  Edwards  was  killed  while  on  active  service  in  Italy 
on  May  2l8t,  1944.  He  began  his  mining  experience  at  the  G«ika  gold 
mine.  Southern  Rhodesia,  in  1930,  and  came  to  London  in  1932,  where  he 
was  a  student  at  the  Royal  School  of  Mines,  graduating  in  1938  with  the 
A.R.S.M.  and  degree  of  B.Sc.  (Eng.).  He  thereupon  took  up  a  position  as 
surveyor  at  tlie  Geduld  mine,  Transvaal.  Details  of  Mr.  Edward's  military 
service  are  unfortimately  not  known.  He  was  elected  to  Studentship  of 
the  Institution  in  1936. 

Charles  Edward  Hutckings  died  in  New  York  on  May  27th,  1944, 
at  the  age  of  49.  He  was  bom  at  Corrientes,  Argentine,  received  his 
education  at  Castle  Hill  School,  Haling,  and  entered  the  Royal  School  of 
Mines  in  1911.  His  studies  were  interrupted  in  August,  1914,  when  he  left 
to  join  the  Royal  Marine  Light  Infantrj*,  and  he  saw  active  service  on  the 
Gallipoli  Peninsula.  He  was  later  commissioned  to  the  5th  Dorsetshire 
Regiment,  serving  in  Egypt  and  France,  and  on  his  di«cliarge  from  the 
Army  in  May,  1918,  he  held  the  rank  of  captain.  Mr.  Hutchings  resumed 
his  studies  at  the  Royal  School  of  Mines  in  July  of  that  year,  and  graduated 
two  years  later  witli  an  Associateship  in  Mining. 

His  first  mining  appointment  was  that  of  jimior  engineer  to  the  Caracoles 
Tin  Company  of  Bolivia,  where  he  was  employed  in  topographical  siu^^eying 
and  prospetiting.  He  remained  with  the  same  company  for  seven  years, 
spending  a  year  a«  section  engineer  in  charge  of  a  group  of  mines,  then 
acting  as  assistant  mine  superintendent  for  nineteen  montlis,  and  from  1923 
to  1927  holding  the  position  of  mine  superintendent.  He  was  in  charge  of 
the  general  administration  of  the  Caracoles  gioup  and  outlying  mines 
covering  a  length  of  forty  miles.  After  seven  years  of  continuous  employ- 
ment at  an  altitude  of  16,(XX)  ft.  he  returned  to  Kngland  on  leave  of  absence. 
Mr.   Hutcliings  left   England  again   in   1928  to   Ix^eome  manager  to  the 
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Anglo-Greek  Magnesite  Co.,  Ltd.,  in  Macedonia,  Greece,  and  in  1931  he 
returned  to  South  America  to  take  up  an  appointment  with  New 
Goldfields  of  Venezuela,  Ltd. 

He  was  elected  a  Member  of  the  Institution  in  1928. 

Arthur  Cecil  Perry  is  presumed  to  have  died  on  or  about  February 
13th,  1942,  as  a  result  of  the  sinking  of  the  s.s.  ^  Giang  Bee  \  no  favourable 
news  having  been  received  since  the  cessation  of  hostilities  and  the  sub- 
sequent liberation  of  prisoners  of  war  and  internees  in  the  Far  East.  He 
was  about  55  years  of  age. 

He  received  his  professional  training  at  the  Camborne  School  of  Mines 
from  1903-1907,  and  then  spent  a  year  at  the  Botallack  mine,  Cornwall. 
Practically  the  whole  of  his  subsequent  career  was  spent  in  Malaya,  begin- 
ning when  he  travelled  there  early  in  1909  to  take  up  a  position  at  Bundi 
tin  mine  for  Messrs,  Guthrie  &,  Co.  After  fourteen  months  he  joined  the 
staff  of  Rambutan,  Ltd.,  and  Pengkalen,  Ltd.,  as  assistant  on  the  Gopeng 
tin  mine  under  the  direction  of  Messrs,  Osborne  &  Chappel.  He  remained 
at  Ipoh  for  some  years,  subsequently  working  at  Batu  Gajah  from  1928  to 
1933.  He  was  then  for  two  years  employed  by  Minerals  Exploration,  Ltd., 
at  Penang,  and  in  1936  went  to  Malim  Nawar  for  Anglo-Oriental  (Malaya), 
Ltd.  Mr.  Perry  then  spent  a  year  at  Bhuket,  West  Siam,  on  the  staff  of 
Tongkah  Harbour  Tin  Dredging,  Ltd.,  and  some  months  with  Tavoy 
Prospectors,  Ltd.,  at  Mergui,  Lower  Burma.  He  came  to  England  in  1939^ 
but  rejoined  Anglo -Oriental  (Malaya),  Ltd.  at  Kuala  Lumpur  in  September, 
1939.  No  news  of  his  whereabouts  could  be  obtained  throughout  the  war» 
and  notification  of  his  presumed  death  was  received  from  the  Colonial 
Office  in  March,  1946. 

Mr.  Perry  was  elected  a  Student  of  the  Institution  in    1908  and  was 
transferred  to  Assoc; iateship  in  1912. 

Major  Cyril  Harrison  Russell,  was  killed  on  active  service  in 
Burma.  He  wew  a  student  at  the  Royal  School  of  Mines  from  1925  to  1928, 
graduating  with  the  A.R.S.M.  in  Mining,  and  took  up  his  first  mining 
appointment  in  October,  1928,  as  assistant  millman  in  the  mill  and  cyanide 
plant  at  the  Great  Nurupi  mine  of  the  Chosen  Corporation,  Ltd.,  at  Taiyu- 
dong,  Korea.  He  was  subsequently  promoted  to  the  position  of  assistant 
mill  superintendent,  and  in  1932  became  chief  surveyor  and  engineer  of  the 
mine.  From  193.i  to  1936,  Major  Russell  was  geologist  to  South  Banket 
Areas,  Ltd.,  in  the  Gold  Coast,  leaving  on  his  appointment  SiS  underground 
manager  to  the  Consolidated  Tin  Mines  of  Burma,  Ltd.,  Tavoy.  He  was 
transferred  in  1937  to  the  position  of  mine  9U|>erintendent  at  the  Herrnying>''i 
mine,  and  joined  the  Army  after  the  outbreak  of  war  in  1939. 

Major  Russell  was  elected  to  Studentship  of  the  Institution  in  1926  and 
transferred  to  Associateship  in  1933. 

Walter  Edgar  Segsworth  died  suddenly  at  his  home  in  Toronto  on 
July  20th,  194.5,  at  the  age  of  65.  He  was  born  in  Canada,  and  began  his 
mining  career  in  1897  in  the  mill  and  assay  office  of  Bannockburn  gold 
mine,  Ontario,  two  years  later  taking  a  position  underground  at  the  Poonnan 
mine.  Nelson,  B.C.     In  1900  he  was  appointed  compressor  man,  and  then 


Xn       THB  nCWlTUTlOH  OF  KDTINO  AlffD  lOBTAIJUTBOY. 


OBITOARy-i-cowKmnrf. 

worked  undergrouiMl  and  m  TnQhnan  at  the  Omnit  mine  and  later  aa  anayer 
at  the  Venus  nune*  and  in  November  of  that  year  paiaed  the  examination 
aa  British  Columbia  Provincial  Assasrer.  After  woridng  aa  aaaiatant 
aaiayer  to  the  Standard  Pyretio  Smelter*  B.C,»  in  November*  1901»  he 
pTWirhnfTH  an  assay  office  in  Greenwood,  B.C.,  where  for  over  two  years  he 
oatried  on.  a  general  practice  as  asaayer  and  chemist,  in  October/ 190^  be 
entered  Michigan  CoDege  of  Mines,  Houghton,  U.8.A.,  and  graduated  in 
1008,  when  for  a  few  months  he  was  employed  as  assistant  engineer  at  the 
Allowez  and  Centeiinial  copper  mines,  Calumet,  Mich.  In  1907  he  returned  to 
Canada  as  manager  of  the  Nonsuch  silver  mines.  Cobalt,  Ont,  When  those 
operations  were  disoontinued,  he  opened  an  office  in  Toronto  for  general 
engineering  practice,  and  was  engaged  on  various  examinations  and  reporta 
until  1912,  when  he  took  charge  of  the  Seneca-Superior  silver  mine,  in 
Cobalt.  His  subsequent  activities  included  the  full  control  in  Canada  of  the 
rehabilitation  of  disabled  soldiers  after  the  1914-18  war,  and  he  was  actively 
interested  in  the  Canadian  Institute  for  tiie  Blind.  He  was  responsible  for 
the  successful  development  and  operation  of  the  Moneta  gdd  mines  for 
five-and-a-half  years,  and  as  consulting  engineer  he  played  an  important 
part  in  the  development  of  Amulet,  Central  Patricia,  Preston  East  Dome, 
Leitch  and  Canadian  Industrial  BfineralB.  At  the  time  of  his  death  he 
held  executive  positions  on  the  boards  of  several  Canadian  mining  companies. 
Mr.  Segsworth  was  elected  to  Membership  of  the  Institution  in  1918.  He 
wiM  also  a  member  of  the  Canadian  Institute  of  Mining  and  MetaUuxgy 
from  1907  and  a  Member  of  Council  of  that  Institute  for  the  period  1918-19. 


The  Council  regret  to  report  the  death  of  Lewis  Percy  Cazalet,  Member, 
on  25th  April,  1948 ;  John  Henry  Cordner- James,  Member ,  on  20th 
April,  1948  ;  and  Arthur  S.  Dwl^t,  D.S.O.,  Honorary  Member,  on  Ist 
April,  1946.     Obituary  notices  will  appear  in  a  later  Bulletin, 
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Anxuai«  Repobt  of  the  Impebial  Institute,  1945,  by  Sir  Harry  Lindaay 
(Director).      Cambridge  :  Heffer,  1946.     74  p. 

Annual  Reports  of  the  Society  of  Chemical  Industry  on  the  Progrb88 
OF  Applied  Chemistry.  Vol.  29,  1944.  Cambridge :  Heifer,  1945. 
573  p. 

British  Standards  : 

Xo.  230,  1945  :  Visual  type  portable  photometers. 

No.  341,  1945  :  Valve  fittings  for  compressed  gas  cylinders. 

Xo.  354,  1945  :  Photometric  integrators. 

Xo.  667,  1945  :  Photoelectric  type  portable  photometers. 

No.  832,  1945  :  Bell  transformers  excluding  transformers  for  use  in  mines. 

Xo.  953,  1941  :  Strength  tests  for  the  protective  toe-caps  of  boots  used 

jior  industrial  purposes  (with  amendments  to  1945). 
Xo.  1156,  1945  :  A.C.  and  D.C.  motors  and  generators  (excluding  ship- 
borne  and  airborne  machines). 
No.  1211,  1945  :  Centrifugally  cast  (spun)  iron  pipes  for  water,  gas  and 

sewage. 
Xo.  1220,  1945  :  A.C.  and  D.C.  switchbocurds  and  motor  control  equipment 

(excluding  shipbome  cmd  airborne  equipment). 
Xo.  1221,  1945  :  Steel  fabric  for  concrete  reinforcement. 
No.  1225,  1945  :  Recommended  methods  for  polarographio  and  spectro- 

graphic  analysis  of  high  purity  sine  and  zinc  alloys  for  die  easting. 
N(>8.  1265-68,  1945  :  Drawing  Boards  and  Tee  squares. 
No.  1269,  1945  :  Titanium  pigments  (rutile  type)  for  paints  and  titanium 

white  types  6  and  7. 
No.  1282,  1945  :  Classification  of  wood  preservatives. 
No.  1293,  1945  :  Screen  analysis  of  coal  (other  than  pulverized  coal)  with 

performance  and  efficiency  tests  on  industrial  plant. 

London  :  British  Standards  Institution,  1945.     2s.  each. 

Coal  Mines  Mechanisation.  Report  on  wartime  development  and  the 
general  position  at  the  present  time,  by  G.  M.  Gullick.  Ministry  of 
Fuel  and  Power,  September,  1945.     12  p. 

French  North  Africa.  Report  of  the  Minerals  Division,  British 
Economic  Mission,  Algiers,  by  A.  H.  Steedman,  D.  Gill,  A.  Chou- 
berskj'.  (Together  with  Appendices,  and  coloured  map  showing  the 
positions  of  the  principal  mines).  Sept.,  1945.  {Presented  by  the 
authors), 

<3-\s  Industry.  Report  of  the  Committee  of  Enquiry,  December,  1945. 
(With  maps).  Ministry  of  Fuel  and  Power.  London  :  H.M.S.O., 
1945.     28.     57  p. 

OoLD  Coast  Geological  Survey  :  Reports  on  the  Geology  and 
Hydrology  of  the  Coastal  Area  East  of  the  Akwapin  Range, 
by  N.  R.  Junner  and  D.  A.  Bates  (with  2  col.  maps,  scale  1  in.= 
3.944  mis.).  Memoir  No.  7.  Accra :  Govt.  Printing  Dept.,  1945. 
23  p.     6s. 
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Handbook  of  Nox-Ferrous  Metallurgy.  2nd  Edn.  Vol.  2. — Re~ 
covERV  OF  Metals.  D.  M.  Liddell,  cd,-m-chUf.  New  York  :  McGraw- 
Hill.  1945.     721  p.     £2  28. 

Journal  of  the  Iron  and  Steel  Institute.  Vol.  150,  Xo.  2.,  1944.. 
London  :  Iron  and  Steel  Institute,  1945.     476-1-170  p. 

Kenya  Geological  Survey  :  Geolo(*y  of  the  Nyeri  Area,  by  R.  M- 
Shackleton.  (With  col.  geologiccJ  map,  scale  1/125,000).  Report  No, 
12.     Nairobi :  Govt.  Printer,  1945.     26  p.     2s. 

Law  of  Trade  Unions.  By  H.  Samuels.  London  :  Stevens  and  Sons^ 
1946.  93  p.  {Present€fi  by  the  pitblhhers  to  the  Inatitution  of  Mwing 
Engineers). 

List  of  Mines  in  Great  Britain  And  the  Isle  of  Man,  1944.  AIinistr>- 
of  Fuel  and  Power,  1946.    295  p. 

Mineral  Resources,  by  A.  M.  Heron.  Oxford  :  U.P.,  1945.  (Oxfoni 
pamphlets  on  Indian  affairs).    31  p.     9d. 

Monmoitthshire  and  South  Wales  Coal  Owners*  Association.  18th 
Report  of  the  Coal  Dust  Research  Committee  :  The  use  of  wettinjr 
agents  for  the  suppression  of  airborne  dust — ^Further  report.  January*. 
1946.  20  p.  {Pre/tented  by  T.  David  Jones,  University  College,  Cardiff, 
to  the  Institution  of  Mining  Engineers). 

Nova  Scotia  Department  of  Mines  :  Anni'al  Reports  on  Mines  for 
1943  AND  1944.  Halifax:  King's  Printer,  1944  and  1945.  189  p. 
and  219  p. 

Provision  of  Employment  in  Socth  Wales  for  Persons  Suspendpm^ 
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und  Wasser-werke  G.M.B.H.  Duisberg-Ham- 
bom  Krupp  Treipstoffwerk  Wanne-Eickel 
(report  on  the  Th>'ssen-Galocsy  slagging  gas 
producer  process.) — Combined  Intelligence 
Objectives  Sub-Committee,  Item  No.  30,  File 
No.  XXIX-51. 

GAS  MANUFACTURE  —  W.ATER  G.AS — 
WINTERSHALL-SCH.MALFELDT  PRO- 
CESS.—The  Wintershall-Smalfeldt  water-gas 
process. — Colliery  Engng.^  Lond.,  Vol.  23, 
March,  1946,  pp.  69-70.     Is. 

GREAT  BRITAIN.— Britain's  coal  mining 
industry — ^its  rise  and  decline. — S.  A/r.  Mim. 
EngHg.  /.,  J 'burg.  Vol.  57,  March  9,  1946. 
pp.  29-80.     6d, 

HAULAGE  —  LOADING.  —  Machinery  for 
winning  and  loading  of  bituminous  coal 
underground. — Combined  Intelligence  Ob- 
jectives Sub-Committee,  Item  No.  30,  File 
No.  XXX-24. 

HAUL.\GE  —  LOADING  —  HUWOOD 
LOADERS. — Ashington  colliery  :  working 
short  faces  <m  a  retreating  panel  by  means  of 
Hu^v-ood  loaders. — Colliery  Guard.,  Lond., 
Vol.  172,  March  29,  1946,  pp.  417-20.     HW. 

HAULAGE  —  LOADING  —  SCRAPER 
LOADER. — Operation  of  pneumatic  packing 
machine  and  scraper  loaaer  with  planer.— 
Combined  Intelligence  Objectives  Sub-Com- 
mittee, Item  No.  31,  File  No.  XXX-30. 

HOISTING  -  BELT  HOISTS.— Belt  hoists 
handle  coal  smoothly  and  economicallv. — 
Coal  Age,  N.Y.,Vol.  51,  March,  1946,  pp.  93-8. 
35  cents. 

INDIA. — Indian  mining  practice.  F.  Darlev. 
— Colliery  Guard.,  Lond.,  Vol.  172,  .April  5, 
1946,  pp.  479-84.     Is. 


KENTUCKY     — 
Leatherwood     mine 
Kentucky's  largest.- 
Feb.,  1946,  pp.  113 


LEATHERWOOD.     — 
being     devloped     into 
-Coal  Age,  N.Y.,  Vol.  51 
-6.     35  cents. 


LIGNITE  —  GERMANY,  r-  LG.  Farlienin- 
diistrie  A.  G.  fiir  Stickstoff-Duengcr  Knapsack 
(with  brief  description  of  the  brown  coal 
deposit.) — Combined  Intelligence  Objectives 
Sub-Committee,  Item  No.  22,  File  No. 
XXVI-5J. 


MINE  SUPPORT- 
support.  Z.  S.  Beyl. 
April,  1946,  pp 


Rock  pressure  and  roof 
,  -Collirry  Engng.,  \o!.  23, 
§4-8.     Is. 


MINING  METHODS -GKE.\T  BRITAIN. 
— .Modem  trend  in  mining  (coal).  E.  P. 
Dodsworth. — Min.  Elect.  Siech.  Engr.,  .Man- 
chester, \'ol.  26,  Feb.,  1946,  pp.  279-84. 
L's.  6d. 

MINING  METHODS  —  MECHANICAL  — 
U.S.A. — La  mecanisation  dans  les  houiU&res 
am^ricaines.  Louis  Dupret. — AnnaUs  des 
.Mines  et  des  Carhttrants. — Memoires,  Paris, 
No.  5,  Sept.-Oct.,  1945,  pp.  o.'Sy  621. 
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INDBZ  OP  racBNT  iOfn 


MINING     METHODS  —  OPENCAST.  ~ 
dency  rtited 
It.— Cod  Ai 


Stripping  eOdency  rtited  by  iieir  methods 
and  eampDMDt.— Cod  Aw^ 
Much,  IMS,  pp.  71-S.    Moe 


N.Y.,  VoL  »1, 


MINING  METHODS— PITCHING  SEAMS. 
— Miaiaff  mrthod  for  a  five  foot  aeam  pitch 
M«  to  mH*  mine  FUts,  Hoeach  A.  G^  E«en.— 
Combined  Intellicenoe  Objectivea  Sub-Com- 
mittee, Item  Nowlo,  File  No.  XXX-99. 

MINING  METHODS—PITCHING  SEAMS. 
— Blining  method  for  a  five  foot  warn  pitdi 
eo**.— Combined  IntelUnnDe  Objeetivet  Sub- 
committee, Item  NoTiO,  File  No.  XXX<S7. 

NOVA  SCOTIA— HALIFAX  COUNTY.— 
joggba-Rlver  Heriiert  coal  dittrict  M.  G. 
GoQdfe.— ^oiw  SeaUm  DM,  Mimts,  Atm. 
Rgp^,  19i4,  pp.  15t-81. 

NOVA  SCOTIA— INVERNESS  COUNTY. 
-^4IIaboa  ooal  aiea.  G.  Vibert  Donglaa. — 
NoM  SetMm  DM,  Uimt,  Aim.  RM.,  1B44, 
pp.  1S4-41. 

NOVA  SCOTIA— INVERNESS  COUNTY. 
—•The  St.  Rnm  rhfmiieT  Cocner  trnthlirld- 
Invecneas  County,  Nova  soolk.  W.  A.  Batt. 
—ffcvm  StoiU  DtpL  Mnm,  Aim.  tUp^  IMI, 
pp.  lOS-SS. 

NORTHUMBERLAND-ASaiNGTON 
COLLIERY.— Adiinftan  ooOfcry:  wiridag 
short  faces  oo  a  letieating  panel  by  meaaa  of 
Huwood  loaders. — CtUmy  Guani.,  Loud., 
Vol.  173.  March  39, 19M,  pp.  417-SO.     lOd. 

OPENCAST  —  INDIANA.  —  85  cu.  yd.  drag- 
line heads  modeni  units  at  New  M^mpt**  nt. 
—Coal  Age,  N.Y.,  Vol.  51,  Feb.,  1946,  pp. 
101-5.     35  cents. 

OREGON  —  COOS  —  SOUTHPORT  MINE. 
Oregon  coal  mine  steps  up  production  (history 
and  development).  Ralph  S.  Mason. — Min. 
CoHgr.  J.,  Wash.,  D.C..  Vol.  SS,  Jan.,  1940, 
pp.  33-5.     20  cents. 

PREPARATION  —  MAGNETIC  SEPARA- 
TORS.— Magnetic  separators  solve  tramp- 
iron  problem  in  preparation.  E.  H.  Neyman. 
—Coal  Age,  N.Y..  Vol.  51,  March,  1946, 
pp.  90-8.    35  cents. 

PREPARATION— WASHING— GERMANY. 
— The  preparation  of  ultra-clean  coal  at  the 
Kteigin  Elirabeth  colliery  Essen-FriUendorf 
(Mannesmannrohnen  Werke  A.G.) — Combined 
Intelligence  Objectives  Sub-Committee,  Item 
No.  80,  File  No.  XXIII- 6. 

8UEE.VSLAXD  —  DAWSON  VALLEY  — 
ARALABA  COALFIELD.— Baralaba  coal- 
field. J.  H.  Reid.— Qtf.  Govt.  Min.  J.,  Brisbane, 
Vol.  i«,  I)«\  20,  1945,  pp.  S54-6S.     6d. 

SOITH  AUSTRALIA  —  LEIGH  CREEK 
COALFIELD.— The  Leigh  Creek  coaliiekl.— 
S.  AuMt.  Dtpt.  Mints,  Min.  Rev.,  No.  81,  1944, 
pp.  37-»0. 


SYSTEMS  —  BORD  AND  PILLAiL— BonI 
and  nUlar  ndnfaig  (a  Watnriiail  forvey  p(  tha 
deveKMMueut  of  this  system  of  ooal 
Pts.    niand    IV.     A.    Rdberti.- 
Bugng.,  Loud.,  VoL  SS,  1*46 ;  March,  pp. 
April,  pp.  100-lOS.     Is.  each. 

TENNESSEE  --CHATTANOOGA.  —  Baeb 
Cove  floJne— built  far  kog  Itfa  and  hMT  mining 
ooat.  J.  H.  Edwanb.— CM  Agf,  N.YTvdI. 
51,  March,  1946,  pp.  81-9.    SS  centa. 

U.S.A.— L'iadustxSe  houOUre  amfcfeaine. 
Loirfi  Dopwt.— T^towlw^  i»  MmtM  tt  4a 
CafSMnwrfe^nSff Mielm ,  Paris,  No.  S,  Sept.— 
Oct,  1945.  pp.  SS«-^8. 

WASHING— MIDDLINGS.— The  diiiBtcffra- 
tkmofmlddlinfk  K.F.Tronp.— /./mAAm^^ 
Lend.,  VoL  19,  Feb.,  1946,  pp.  115-118. 

WASHING— MIDDUNG&-Ttae  aoooomfe 
limita  of  separation  kA  mhMMngi  in  donae 
medium  waahen.  K.  F.  Trtwip  ■  *J.  Mtul. 
AmI,  Load.,  VoL  19,  Feb.,  ISM,  pp.  llt-llS. 

WEST  VIRGINIA— BOONE  COUNTY- 
ROBIN  HOOD  MINE.— Z^Qfw-coat  mini^ 
ovar  many  years  goal  at  RoMn  Hood  nlBe. 
J.  H.  Bdwards.--C0af  Agt,  N.Y.  VoL  SI,  Jan.,. 
1946,  pp.  €8-74.    SS  cants. 

WEST  VIRGINIA— NICHOLAS  COUNTY 
—NEW     SEWELL     No.  1  MINE.— High 


GOPPBR. 

METALLURGY  —  REFIXLNG  —  ELEC- 
TROLYTIC. —  Electrical  devekunenta  in 
modem  copper  refineries.  C.  C.  Downle. — 
Min.  /.,  LoDd.,  Vol.  226,  March  2,  1946,. 
pp.  I6H-70.     M. 

NORTHERN  RHODESIA.— Copper  minhig 
in  the  war  years  (review  of  Rhokana  activities.  > 


i4/r-  Af("-  Engng.  J.,  Jlmrg,  VoL  56, 
1946  ;  Feb.  16,  pp.  603  7  ;  Feb.  23,  pp.  6S7-8S. 
6d.  each. 

NOVA  SCOTIA  — CUMBERLAND 
COUNTY.— Copper  deposits.  Wentworth 
District.  M.  F.  Bancroft.— ^08«  ScoHa  Dtpt. 
Mints,  Ann.  R*pt.,  1943,  pp.  94-105. 


ECONOMICS. 

ACCOUNTS  —  STOCK     RECORDS.— Hoh 
Hudson  Bay  runs  its  mine  warehouse.    Part^ 
III  and  iv;    P.  G.  Bishop.— £ncN(.  Mm.  /.. 
X.V.,    Vol.    147,    1946 ;  Jan.,    pp.    79-«5 ; 

March,  pp.  S{V-8.    50  cents  each. 

ANHYDRITE  —  INDUSTRIAL  USES.  — 
Industrial  uses  of  anhydrite.  A.  E.  Flynn. — 
Nova  Scntia  Dept.  Mints,  Ann.  Rtpi.,  194S» 
pp.  147-51. 


BITLLBTIN  NO.   478. 
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INDBZ  OF    RBCBNT  ARTICLES— eonltmied. 


XOONOMIGS— om/MMMf. 

COSTS  —  SOUTH  AFRICA.  —  The  cost 
structure  in  industry — bow  and  why  it  should 
be  lowered.  Dr.  Benuxd  Price. — 5.  Afr.  Min. 
Engng.  J.,  1'burg,  Vol.  57.  March  3,  1946, 
pp.  S-5.    6d. 

EDUCATION  —  GERMANY.  —  AcUvities  of 
the  WestfaUsche  BerK^ewerkschaftskasse  dur- 
ing wartime. — Combmed  Intelligence  Ob- 
jectives Sub-Committee,  Item  No.  30,  File 
No.     X.\X-11. 

HEALTH  OF  MINERS— COLOUR  BLIND- 
NESS.— Colour  blindness  in  mining. — Min. 
J.,  Lond.,  Vol.  226,  April  13,  1946,  pp.  288. 
Sd. 

HEALTH  OF  MINERS— GERMANY.— 
Kaiser-Wilhelm-Institut  fUr  Arbeitsphysio- 
Jogie  (Physiology  of  exercise  and  application 
to  industry,  particularly  mining.)— British 
Intelligence  Objectives  Sub-Committee,  Final 
Report  No.  83,  Item  No.  24. 

HEALTH  OF  MINERS— NOISE.— Noise 
iniuries  to  miners.  W.  Schweischeimer. — 
Min.  Mag.,  Lond..  Vol.  74,  March,  1946, 
pp.  156-7.     Is. 

HEALTH  OF  MINERS  —  SILICOSIS  — 
PREVENTION.— The  'Know-how*  in  fight- 
ing silicosis  with  aluminum.  A.  W.  Jacob. — 
Engng.  Min.  J.,  N.Y.,  Vol.  147,  March,  1946, 
pp.  7<>-5.     60  cents. 

TAXATION  —  S.  AFRICA.— The  State  and 
gold  mining — the  effects  of  indirect  taxation 
<Part    \').—  S.   Afr.   Min.   Eng.  J.,   J'burg, 
Vol.  58,  Jan.  26,  1946,  pp.  633-5.     6d. 

TECHNICAL  SOCIETIES.— The  work  of  the 
B.C.  Industrial  and  Scientific  Research 
Council  as  regards  mining  and  metallurgy. 
S.  E.  .Maddigan. — W.  Miner,  Vancouver,  B.C., 
Vol.   19,  Feb.,  1946,  pp.  43-6.     26  cents. 

PRODUCTION  —  BRITISH  COLUMBIA. 
— Re\'iew  of  mining  in  British  Columbia  in 
1945.  Fred.  H.  Stephens.— Canoif.  Min.  J., 
Gardenvale,  P.Q.,  Vol.  67,  Feb.,  1946,  pp. 
«4-i»n.     25  cents. 

PRODUCTION  —  CANADA  —  GENERAL. 
— Canada's  mineral  industry  in  1946.  W.  H. 
Losec.^-CttiMi/.  Min.  J.,  Gardenvale.  P.Q.f 
Vol.  67,  Feb.,  1946,  pp.  76-83.     25  cents. 

PRODUCTION— LEAD.— The  world's  lead 
production — Keeping  up  with  heavier  con- 
sumption.—  S.  Afr.  Min.  Engng.  J.,  J'burg, 
Vol.  57,  March  9,  1946,  pp.  35-6.     6d. 

PRODUCTION  —  MANITOBA.  —  Mining  in 
Manitoba  in  1945 ;  widespread  prospecting 
and  exploratory  activity.  J.  P.  de  Wet.— 
Canad.  Min.  J.,  Gardenvale,  P.Q,,  Vol.  67, 
Feb.,  1946,  pp.  97-100.     25  cents. 

PRODUCTION  —  MINERALS  —  CALl- 
FORNI.\. — California  mineral  production  for 
1944.  Henry  H.  Symons. — Calif.  Min.  J., 
San  Francisco,  Vol.  41,  No.  3,  July,  1945, 
pp.  192-5. 


ECONOMICS— conlMHMrf. 

PRODUCTION  —  NOVA  SCOTIA.— The 
mineral  industry  of  Nova  Scotia :  diamond 
drilling  and  geological  investigations.  D.  L. 
Currie. — Canad.  Min.  J.,  Gardenvale,  P.Q., 
Vol.  67,  Feb.,  1946,  pp.  113-14.    25  cents. 

PRODUCTION  —  ONTARIO.  —  Ontario 
Annual  Review  :  increased  production  foUows 
return  of  Army  personnel.  J.  C.  Browning. 
— Canad.  Min.  J.,  Gardeavale,  P.Q.,  Vol.  67, 
Feb.,  1946,  pp.  101-6.     25  cents. 

PRODUCTION  —  QUEBEC.  —  Quebec 
Annual  Review:  activity  on  new  prospects 
features  the  current  situation.  J.  C.  Brown- 
ing. — Canad.  Min.  /.,  Gardenvale,  P.Q., 
Vol.  67,  Feb.,  1946,  pp.  107-11.     25  cents. 


GEOLOGY  AND  ORE  DEPOSITS. 

BELGIUM. — Minor  elements  in  sphalerites 
from  Belgium.  Pierre  Errard. — Econ.  Gtol.f 
Lancaster,  Pa.,  Vol.  40,  Dec.,  1943,  pp.  568-74. 
$1.00. 

CALIFORNIA  —  RIVERSIDE  COUNTY.— 
Mineral     resources     of     Riverside     County. 
W.  B.  Tucker  and  R.  J.  Sampson. — Calif.  J. 
Min.,  San  Francisco,  Vol.  41,  No.  3,  July, 
1946,  pp.  121-82. 

DOLOMITE  —  NOVA  SCOTLV.— Dokxnitc 
deposit,  upper  Musquodoboit.  J.  P.  Mesier- 
vey. — Sova  Scotia  Dept.  Mines  Ann.  Repi., 
1943,  pp.  62  -70. 

EIRE. — Minerals  in  Eire. — Chem.  Tr.  J., 
Lond.,  Vol.  118,  Feb.  15,  1946,  pp.  207-8. 
8d. 

GOLD  COAST. — Reports  on  the  geology  and 
hydrology  of  the  coastal  area  east  of  the 
AicH-apini  Range.  N.  R.  Junner  and  D.  A. 
Bates. —  Geol.  Sttrv.  Gold  Coast  Colony,  Memoir 
No.  7,  1945.    23  pp.     6s. 

HYDROLOGY— Hydrology  in  relation  to 
economic  geok>gy.  Oscar  E.  Meinzer. — 
Econ.  Geol.,  Lancaster,  Pa.,  VoL  41,  Jan.-Feb., 
1946,  pp.  1-12.     51.00. 

* 

KENYA— MERU  DISTRICT.— A  suite  of 
hvpersthene- bearing  plutonic  rocks  in  the 
Mem  District.  Krnya.  William  Pulfrey. — 
Geol.  Mag.,  Lond.,  Vol.  83,  March-April,  1946, 
pp.  67-88.     2s.  6d. 

KENYA  —  NYERI  AREA.  —  Geology  of  the 
Nyeri  area  (with  coloured  geological  map). 
R.  .M,  Shackleton. — Geol.  Surv.  Kenya, 
Rept.  No.  12,  1945.    26  pp.     2s. 

NIGERIA. — Nigeria,  geology  and  mineral 
resources.  F.  Dixey. —  Imp.  Inst.  Bull., 
Vol.  43,  Oct.-Dec.,  1945,  pp.  300-16.    2s.  6d. 

ONTARIO— COCHRANE  AND  THUNDER 
BAY. — Geology  along  the  Trans-Canada 
highway  between  Hearst  and  Longlac. 
E.  L.  Evans. — Ont.  Dept.  Mines,  blst  Ann. 
Rept.,  Vol.  51,  Pt.  9,  1942. 
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INDBZ  OB  RBGBNT 

AND  ORB  DBPOSr»~ 


ONTARIO— THUNDER  BAY— LITTLE 
LONG  LAC— Tlie  haxdrock  '  porpbyry  *  of 
Uttfe  Lcav  Lac  J.  A.  Rdd.— JSmm.  Gtd., 
Laneatter,  Pa.,  Vol.  40,  Dec.,  1M5,  pp. 
M9-16.     $1.00. 

ORB     DEPOSITION.— The  oootrol  of  im- 

ranMngatrneturBaonocedeporitioa.  Robert 
MadKay. — Ecem,    Gmtt,,    l^anoaster.    Pa., 
VoL  41,  Jan.-Feb.,  1946,  pp.  It-^.     fl.OO. 

PENNSYLVANIA.— Note*  on  tbe  derivatives 
of  the  triank  diabatea  of  Pemuiritvaaia. 
W.  Harold  TomUnaoo.- £«ofi.  GteL,  Lancaater, 
Pa^  VoL  40,  Dec.,  1946,  pp.  6M-M.     91.00. 

PETROGRAPHY  —  MICROSCOPIC  £X- 
AlCINATION.— Petrographic  analysis  by 
fnafeent  oountinc.  Felix  Chayes.— Econ. 
GMk^lMueaMarTn^  Vol.  «>.  Dec.,  1945, 
pp.  917>S5.     $1.00. 

QUEBEC  —  ABITIBI  REGION.  —  Major 
MUm^  Abitibi  xegkm,  Quebec.  G.  W.  H. 
Ndman.— CoMotf.  Min.  Metatt.  Bull,  Mootzeal, 
No.  406,  Feb.,  1946,  pp.  12U-H.     $1.00. 

VENEZUELA- LLANOS.  —  Venexuela.  The 
LlainaB.  John  C.  Dav<*>'. — Min.  Mat.,  Lond., 
VoL  74,  March,  1946,  pp.  141-65.    Is. 

WATER  SUPPLY.— Natural  waters:  a 
survey  of  the  characteristics  of  waters  from 
▼arioos  sources  for  dxinldnc  and  for  boUer 
fsading.  Arthur  Bray.— Cotftrry  Bngng., 
Lond.,  VoL  23,  April,  1946,  pp.  91-8.    Is. 


GOLD. 

BRITISH  GUIANA— CUYUXI  RIVER.— 
Notes  on  the  Aurora  aoldfield,  Cuyuni  River, 
Bdtisb  Guiana.  S.  BraoeweU.— Jfm.  Afar-, 
LoimL.  Vol.  74,  Feb.,  1946,  pp.  83-87.    Is, 

ECONOMICS— CURR£NCV.—Tbe  monetary 
future  of  gold.  J.  N.  Reedman.— ^W. 
Min,  J.,  I'burg.  Vol.  18,  Jan.,  1946,  pp.  13-17. 
6d.  JIf  m.  Industr.  Mag.  S.  .Afr.,  J 'burg,  VoL 
34,  Feb.,  1946,  pp.  87-91.     Is. 

ECONOBnCS  —  TAXATION  —  S.  AFRICA. 
— Gold  mining  taxation — the  case  for  the 
sold  mining  industry. — Min.  fndustr.'  Mag. 
S.  Afr.,  J 'burg.  Vol.  84,  Jan.,  1946,  pp.  17-J8. 
Is. 

METALLURGY  —  FINENESS.— The  fine- 
ness of  gold,  with  special  reference  to  the 
Mdrobe  goldfield.  New  Guinea.  N.  H.  Fisher. 
—^StOH,  GtoLt  Lancaster,  Pa.,  VoL  40,  Dec., 
1948b  pp.  587-68.     $1.00. 

METALLURGY  —  WESTERN  AUSTRA- 
LIA.— Investigation  of  treatment  of  gold 
ores:  cyaniding  copper  sands—^dnc  and 
copper  precipitation  compared— charcoal  in 
taUUigs— gold  in  flotation  taihngs.— CA«m. 
Engr,  Min.  Rev.,  Melb.,  VoL  38,  Jan.  10, 1946, 
pp.  121-4.     Is. 

TRANSVAAL  —  WITWATERSRAND.  — 
Tbe  Rand's  gold  industry  (a  survey  of  1945 
operatioiiB.— 5.  Afr.  Min.  En^ng.  /.,  J 'burg. 
Vol.  56,  Feb.  9,  1946,  pp.  573-7.     6d. 


WESTERN  AUSTRAUA  —  VILGARN. — 
Notes  on  finds  t^  Weitani  AnttiaHan 
pectors— H— concinsioo  of  review  of 
tant  Western  Australian  foU 
Yilgam  goldfield.  Charles  M.  Harris.— CftMk 
Engng.  Min.  Ra.,  Melb.,  VoL  38,  Dec.  10» 
1946,  pp.  91-94.    Is. 


IRON  AND  8TBBL. 

ALLOYS  —  IRON  —  GERMANY.  — 
ElelctRmcrlE.WeiswcBler  (a  plant  operaOnf 
on  feno-alloys  of  silicon,  manganeae,  cbraneu. 
molybdenum  and  tungstenO — Combined  Itt> 
telUgeooe  Objectivei  Sab-Committee;  Iten 
No.  SI,  File  No.  XI-I3. 

IRON  POWDER  —  GERMANY.  —  I.G. 
Farbenindustrie— Oppau  Worlcs  Lodnrig* 
shafen  ^manufacture  of  carbonyl  nickel  and 
carbonyl  iron  powder.)— Combined  IntaQi> 
MMe  Objectives  Sub-Committee,  Item  No.  91» 
File  No.  XXIV-12. 

NOVA  SCOTLV— BRIDGEVILLE.— ln» 
ore  occurrences,  BridgeviUe  area.  J.  P. 
MMservey.- ATOM  SeoUn  D$pt,  Mimn  Amu 
RepL,  194S»  pp.  71-81. 

ONTARIO  —  MICHIPICOTEN  —  HBLEN 
MINE.— Ifining  and  geology  at  the  Helen 
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British  Intelligence  Objectives  Sub-Comraittee 
Final  Report  .\o.  130,  Item  31. 

ILLUMINATION  —  SURF.\CE.  —  CoIUery 
surface  lighting  (improved  methods  of 
illumination).  C.  S.  (!hubb. — S.  Afr.  Min. 
Engng.  J.,  J'burg,  Vol.  56,  Feb.  10,  1946, 
pp.  609-10.     6d. 

NORW.\Y.  —  Bcrgverksdriften  (Norwegian 
mining  industry,  1930-1910).  H.  H.  Smith.— 
Reprinted  from  Tidsskrifl  Kiemi  Bergvesen 
Og  Metallurgi,  Nov.,  1946,  pp.  153-61.  (Pre 
serUed  by  the  author.) 

QUARRYING  —  MECHANIZATION.  — 
Mechanization  in  quarries.  J.  P.  Hanscombe. 
— Quarry  Mangrs.  J.,  Lond.,  VoL  29,  April, 
1946,  pp.  494-620.     Is. 
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MIN(Ht  MKTALS-iiQfilMMtf* 

B1£RCURY— U.&A.— Meicoiy    _„ 
—Part  I.  Wortbea  Bradley.— Jf^.„ 
Wadi.,  D.C.  VoL  S»,  Jan.,  1M6,  pp. 
SOoeatt. 

NICKEL  —  GERMANY.  —  I.  G.  Faftenin- 
duttiie-Oppau  Works,  Ludwiohafen  (mann- 
iacture  of  caxtxmyl  nickel  and  caxbooyl  iroo 
powder).— Combined  InteiUcenoe  Obfecthret 
Sub-Committee,  Item  No.  SI,  File  Na  XXIV- 
1«. 

RADIOACTIVE  —  WITWATERSRAND.— 
Radio  active  substanoet  (leiearch  on  tlw 
Witwaterstand).-nS.  Afr.  klim.  Engmg.  /.. 
J*biiig.  Vol  56,  Feb.  S,  1946,  pp.  56»-«.    6d. 

RARE  METALS  —  INDIUM.  —  Indium.— 
MiH.  J.,  Load.,  Vol.  SS6,  March  16,  1946. 
pp.  308-9.    8d. 

TANTALITE —  WESTERN  AUSTRALIA. 
— ^Report  on  a  visit  to  Wodflbia  district. 
H.  P.  Rofirfedge.— IF.  AuOrmlUt  Dtpt.  Mmn 
Repi.,  1945,  pp.  80-31. 

TANTALUM  —  WESTERN  AUSTRALIA. 
— Miaeralofical  examination  of  tantalite 
ooocentrates  from  Stielley,  Tabba  Tabba  and 
Pilgangoora.  H.  P.  Rowledge.— H^.  Ausinim 
D^LMinn  Rtpi^  1945,  pp.  lS-19. 

TANTALUM.— Tantalite  and  tantalum— the 
future  utilisation  <A  a  little-known  minecaL 
John  H.  Hohnen.— Jf m.  M«f .,  Load.,  VoL  74, 
Feb.,  1946,  pp.  7»-68.    Is. 

TITANIUM.— Preparation  and  properties  of 
ductile  titanium.  R.  S.  Dean,  J.  R.  Long, 
F.  S.  Wartman  and  E.  L.  Anderson. — 
(A.I.M.E.  Tech.  Pub.  1961)  MetaU  Tsck., 
N.Y.,  Vol.  13,  Feb.,  1946,  17  pp.     $1.35. 

TUNG^EN  —  SCHEELITE  —  FLUOR- 
ESCENCE PROPERTIES.— A  review  of 
flouresoence  as  applied  to  minerals,  with 
special  reference  to  scbeelite.  J.  W.  Vander^ 
wUt.— (A.I.M.E.  Tech.  Pub.  1967)  Mm. 
Tech.,  N.Y.,  Vol.  10,  March,  1946,  14  pp. 
$1.85. 


ROCK  DRILLS  — BITS  — DETACHABLE 
BITS.-nAn  investlfatioa  of  detachable  bits. 
Ralph  E.  Sinke.— 1^.  Mmer,  Vancouver,  BjC, 
Vol.  19,  Mardi,  1946,  pp.  46-68.    35  oenta. 

ROCK  DRILLS  —  DEVELOPMENT.  — 
Rock-drill  Ugh  lighto :  devek>pment  of  the 
mrrhanical  drilL— Com^.  Air  Mag^  N.Y., 
VoL  51,  March,  1946,  pp.  71-6.    S6  cents. 

TUNNELLING— U.S.A.— Machine    mucUng 

r(b    Hudson   coal    tunnel-driving   woric. 
R.   Rkhart— Cool  Agi,  N.Y..  VoL  51, 
Jan.,  1946,  pp.  7»-8S.    SlToents. 

VENTILATION  —  AIR  DUCTS.— Air  duct 
design  for  industrial  ventilating  systems. 
C  C  Hermann. — Ckem.  Met  .Engng.,  N.Y., 
VoL  53,  March,  1946,  pp.  118-31.    85  cents. 

VENTILATION  —  COOLING.  —  Air  oooling 
plant.  No.  4  Shaft,  aty  Deep,  Ltd.— a  review 
•of  layout  and  results  achieved.  H.  W. 
Unwin,  A.  Makolm,  and  R.  E.  Campbell  Pitt. 
— /.  Chem.  Md.  Min.  Soi.  S.  Afr.,  J'bun, 
Vol.  46,  Sept.-Oct.,  1945,  pp.  69-119.    8s.  6£ 

VENTILATION  —  DUST  —  MICROSCOPIC 
EXAMINATION.  —  Mkrometer-gratkule 
<ombination  for  particle  determinatkm. 
S.  C.  BUtcktiD.— CAmn.  Ind.,  Lond.,  April  IS, 
1946,  pp.  154-6.     Is.  9d. 

VENTILATION  —  DUST  —  PARTICLE 
SIZE. — ^A  comparison  of  methods  of  measuring 
microscopical  particles.  Harold  Heywood. — 
Jnsin.  Min.  Metall.  BuU.,  Lcmd.,  No.  477, 
March,  1946,  14  pp.     Is.  6d. 

VENTILATION  —  DUST  —  PARTICLE 
SIZE. — ^Meaning  of  particle  size  :  methods  of 
•expressing  particle  size — need  for  specific 
dennition.  H.  H.  Dunkin. — Chem.  Engr. 
Min.  Rev.,  Melb.,  Vol.  38,  Jan.  10,  1946, 
pp.  129-31.     Is. 

VENTILATION  —  ELECTRIC  FAN.— 
Fan  failure  de-encrgizes  underground  power 
circuits.  J.  G.  Pollock  and  R.  R.  Richart.— 
Coal  .ige,  N.Y.,  Vol.  61,  Jan.,  1946,  pp.  89-93. 
35  cents. 

VENTILATION  —  HUMIDITY  AND  TEM- 
PERATURE.— Control  of  humidity  in 
industry.  M.  R.  Morton. — Iniustr.  Heating 
Engr.,  Lond.,  VoL  8,  April,  1946,  pp.  50-4.  Is. 


MINOR  METALS. 

CHROMIUM. — Le  chrome  dans  le  monde. 
N.  Demassieux. — Chimie  et  Industrie,  Paris, 
VoL  65,  Jan.,  1946,  pp.  58-64. 

MANGAXESR  —  MEXICO  —  LOWER 
CALIFORNIA. — Manganese  from  Mexico. 
Roger  V.  Pierce. — Otmpr.  Air  Mag.,  N.Y., 
VoL  51.  Feb.,  1940,  pp.  33-8.    35  cents. 

MANGANESE  —  TREATMENT  —  ELEC- 
TROLYTIC  METHODS.  —  Electro-pnxxss 
developed  to  produce  metallic  mangaoftse 
<with  flow  sheet).  Glenn  L.  Allen,  J.  H. 
Jacobs  and  J.  W.  Hunter. — Chem.  Met. 
Engng.,  N.Y.,  Vol.  63,  March,  1946,  pp. 
106-8.     35  cents. 


NON-METALLIC  MINERALS. 

ABRASIVES  —  GERBfANY.  —  The  Gennan 
abrasive  industry. — ^British  Intelligence  Ob- 
jectives Sub-Committee,  Final  Report  No. 
113,  Items  No.  31,  31. 

BARIUM— NOVIA  SCOTIA— INVERNESS 
COUNTY. — Barytes  and  fluorspar  deposits 
at  Lake  Ainslie.  G.  Vibert  Douglas. — Nova 
Scotia  Dept.  Mines  Ann.  Kept.,  1944,  pp.  133-51. 

CEMENT— PORTLAND.— Improvements  on 
Portland  cement  and  concrete— past,  present, 
and  future.  M.  Spindel  and  R.  T.  Quinn. — 
/.  Soc.  Engrs.,  Lend.,  Vol.  36,  Jwy-Dec., 
1946,  pp.  140-64.     3s.  6d. 

CLAYS— KAOLIN.— China  clay  working 
(with  diagrams).  W.  O.  Meade-Kingi— 
Trans.,  Cornish  Inst.  Min.  Mech,  Met.  Engrs., 
Camborne,  VoL  1,  Oct.-Dec.,  1945,  pp.  9-16. 
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DIATOMITE  —  NOVA  SCOTIA  —  COL- 
-CHESTER  COUNTY.— Diatomite,  Oxford 
and  Tatamagouche  areas.  M.  F.  Bancroft. — 
Nova  Scotia  Dept.  Mines  Ann.  Repl.,  1944,  pp. 
107-23. 

FLUORSPAR  —  NOVA  SCOTIA  —  INVER- 
NESS COUNTY.— Barytes  and  fluo(rspar 
■deposits  at  Lake  Ainslie.  G.  Vibext  Douglas. 
—Nova  Scotia  Dept.  Mines  Ann.  Repl.,  1944. 
pp.  132-51. 

LIMESTONE  —  NOVA  SCOTIA  —  HANTS 
COUNTY. — Limestone  deoosit.  Riverside 
■Comer.  J.  P.  Mcsscrvev. — nova  Scotia  Dept. 
Mines,  Ann.  Kept.,  1913,  pp.  82-7. 

MARL  — NOVA  SCOTIA  —  ANTIGONISH 
-COUNTY.— Marl  deposit,  Lanark.  J.  P. 
Messervey. — Nova  Scotia  Dept.  Mines  Ann. 
RepL,  1943,  pp.  88-98. 

MICA— COLOUR  CLASSIFICATION.— 
Color  standard  for  rubv  mica.  Deane  B. 
.ludd.— y.  Res.  U.S.  Nat'.  Bttr.  Stand.,  Wash., 
D.C.,  Vol.  35,  Oct.,  1945,  pp.  245-56.   30  cents. 

MICA  —  PHYSICAL  PROPERTIES.  — 
Some  physical  properties  of  mica.  Peter 
Hidnert  and  George  Dixon. — J.  Res.  US. 
Nat.  Bur.  Stand.,  Wash.,  D.C.,  Vol.  35,  Oct., 
1945,  pp.  309-53.    30  cents. 

MICA  —  SYNTHETIC  —  GERMANY.  — 
Synthetic  mica  process,  Ostheim,  Germany. — 
Combined  Intelligence  Objectives  Sub-Com- 
mittee, Item  No.  22,  File  No.  XXII-11. 

SILICA  —  QUARTZ  —  BRAZIL.— Deposits 
of  quartz  crystal  in  Esperito  Santo  and 
eastern  Minas  Gerais,  Brazil.  F.  L.  Knouse. — 
<A.I.M.E.  Tech.  Pub.  1962)  Min.  Tech.,  N.Y., 
Vol  10,  March,  1946,  12  pp.    $1.35. 

SILICA  —  MOULDING  SANDS  —  SYN- 
THETIC.— ^The  effect  of  grain  shape  on  the 
moulding  properties  of  synthetic  moulding 
sands.  W.  Davies. — J.  Iron  *^teel  Inst., 
Lond.,  Vol.  150,  1944,  pp.  19-47. 
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OIL  SHALE  —  DISTILLATION  —  GER- 
MANY.— Oil  recovery  from  Wurttembei:;g 
shale. — Combined  Intelligence  Objectives 
Sub-Committee,  Item  No.  30,  File  No.  XXX- 
18. 

PETROLEUM— GENERAL.— Bfineral  oils. 
W.  W.  Goulston. — Ann.  Repts.,  Soc.  Ckem. 
Ind.,  Lond.,  Vol.  29,  1944,  pp.  62-72. 

U.S.A. — Our  petroleum  resources.  Wallace 
E.  Pratt.— Smithsonian  Instn.,  Aim.  Rept., 
1944,  pp.  297-306. 

WELL  DRILLING  —  SHOOTING.— Some 
problems  encountered  during  well  shootiiig 
operations  in  the  Nottinghamshire  oilfields. 
I.  F.  Waters.--7.  Inst.  Petrol.,  Lond.,  Vol.  9%, 
March,  1946,  pp.  119-26.     7s.  6d. 


PLANT  AND  POWER. 

COMPRESSED  AIR— COAL  MINES.— 
Compressed  air  and  its  application  to  coal 
mining.  D.  Y.  Marshall. — Min.  Elec.  Ma^ 
Engr.,  Manchester,  Vol.  26,  March,  1946, 
pp.  833-41.     2s.  6d. 

ELECTRICITY  —  PLANT  —  PERSONNEL. 
— The  training  of  an  electrical  craftsman  for 
mining.  C.  Brennan. — Min.  Elect.  Meek, 
Engr.,  Manchester,  Vol.  26,  Feb.,  1946, 
pp.  298-301.    2s.  6d. 

ELECTRICITY  —  SWITCHGEAR.  —  Air- 
break  and  airblast  switchgear.  J.  H.  C. 
Peters. — Min.  Elect.  Meek.  Engr.,  Manchester, 
Vol.  26,  March,  1946,  pp.  314-22.    2s.  6d. 


PRECIOUS  STONES. 

DIAMONDS. — ^The  world's  diamond  industry 
— a  review  of  1944  production.  Sydnev  H. 
BalL-^.  Afr.  Min.  Engng.  J.,  VoL  56,  14.  2, 
Jan.  19,  1946,  pp.  523-26.     6d. 

EMERALDS  —  SOUTH  AFRICA.  —  South 
African  emeralds — mining  operations  to  be 
expanded. —  S.  Afr.  Min.  Engng.  J.,  J'buig^ 
Vol.  57,  March  16,  1946,  pp.  59-61.     «d. 


PETROLEUM. 

ENGLAND.— The  English  oilfields.  R.  K. 
Didde. —  Royal  Inst.  Chem.  Gt.  Britain  & 
Ireland,  J.  &  Proc.,  Feb.,  1946,  pp.  43--1.     2s. 

GEOLOGICAL  —  GREAT  BRITAIN.— The 
geological  results  of  the  search  for  oilfields 
in  Great  Britain.  G.  M.  Lees  and  A.  H. 
Taitt. — Quart.  J.  Geol.  Soc.,  Lond.,  Vol.  101, 
Feb.,  1946,  pp.  255-317.     7s.  6d. 

NEW  MEXICO.— Future  oil  possibilities  of 
New  Mexico.  Robert  L.  Batos.— State  Bureau 
Mines  &  Mineral  Resources,  New  Mexico, 
Circular  12.    Feb.,  1946. 

OIL  SHALE— DISTILLATION— FRANCE. 
— French  oil  shale  industry. — Combined 
Intelligence  Objectives  Sub-Coxnmittee,  Item 
No.  80,  File  No.  XXVI-78. 


SILVER. 

METALLURGY.— The  treatment  of  silver 
ores  (with  flow  sheets  of  various  mills). 
F.  B.  Michell. — Mine  &  Quarry  Er^ng., 
Lood.,  Vol.  11,  April,  1946,  pp.  81-6.     Is. 


TIN. 

CORN-WALL— CARX  BREA  AREA.— A 
survey  of  the  deeper  tin  zones  in  a  part  of  the 
Cam  Brea  area,  Cornwall.  Brian  Llewellyn. — 
Instn.  Min.  MetaU.  Bull,  Lond.,  No.  477, 
March,  1946,  19  pp.    Is.  6d. 

CORNWALL  —  GEEVOR  MILL.— Gcevor 
Mill  (with  detailed  flow  sheet).  A.  D.  Bennetts. 
— Trans.,  Cornish  Inst.  Min.  Mech.  Met, 
Engrs.,  Camborne,  Vol.  1,  Oct.-Dec,  1945, 
pp.  17-27. 


THE  INSTITUTION  OP  MINING  AND  METALLURGY. 
Founded  1892.    Incorporated  hy  Roijal  Charter  1915. 


ANNUAL  REPORT  OF  THE  COUNCIL. 


The  Council  of  the  Institution  of  Mining  and  Metallurgy  have 
pleasure  in  submitting  their  Report  on  the  aflfairs  of  the  Institution 
for  the  Sessional  year  1945-46,  and  the  Statement  of  Aoeounts 
for  the  calendar  year  ended  December  Slst,  1945.  As  in  previbiit 
Reports,  the  statistics  given  refer  to  the  calendar  year. 

Death  of  the  President. 

As  previously  announced  in  the  Bulletin,  Lt.-Colonel  Edgar  Pam 
<iied  at  his  home  at  Virginia  Water  on  December  20thy  1946, 
after  a  long  illness.  The  Council  ydsh  tq  record  their  sense  of  the 
severe  loss  to  the  Institution,  and  their  sympathy  with  Mrs.  Pam 
in  her  bereavement.  Many  members  of  the  In«titution  showed 
their  respect  for  the  memory  of  the  late  President  by  attending  a 
3Iemorial  Service  held  in  London  in  January. 

The  Post- War  Position. 

The  Council  are  glad  to  report  that,  thanks  to  the  loyalty  and 
co-operation  of  members,  the  position  of  the  Institution  after 
six  years  of  war  is  reasonably  good.  At  the  end  of  1945  the  totid 
membership  was  only  124  less  than  in  1988,  notwithstanding  the 
fact  that  during  the  war  years  the  intake  of  students  into  the 
various  Schools  of  Mines  and  Metallurgy  was  greatly  reduced, 
resulting  in  140  fewer  elections  to  Studentship  of  the  Institution 
than  during  the  six  years  preceding  the  war.  The  roll  of  member- 
ship at  the  end  of  1945  includes  9  members  who  had  been  reported 
prisoners-of-war  or  civilian  internees  and  a  further  45  members 
who  were  working  in  countries  overrun  by  the  enemy,  from  all 
of  whom  nothing  has  been  heard  recently.  Their  names  are 
published  in  the  May,  1946,  BuiUtin,  in  the  hope  that  other  members 
may  have  some  information  concerning  them.  Three  Members, 
HI  Associates  and  23  Students  are  known  to  have  lost  their  lives, 
either  on  service  with  the  Armed  Forces,  or  by  euem^  ^ctvm. 


2  ANNUAL  BBPOBT  OF  OOUNCIL. 

The  exigencies  of  war  have  stressed  the  importance  of  the 
Institution  to  the  profession  and  to  the  mining  and  metallurgioal 
industries.  The  Institution  has  been  consulted  by  many  branches 
of  Government,  and  took  a  leading  part  in  establishing  the  Mining 
Taxation  Committee  and  thus  in  securing  a  more  reasonable 
application  of  Income  Tax  Law  to  mining  companies.  There  is 
no  doubt  that  in  the  next  few  years  the  Institution  will  be  called 
upon  to  undertake  new  tasks,  and  the  Council  look  forward  with 
confidence  to  the  whole-hearted  support  of  members. 

Roll  of  the  Institution. 

..During  1945  there  were  87  admissions  into  the  Institution 
(Eluding  5  reinstatements),  and  41  transfers  to  Associateship  or 
Membership.  Statistics  of  membership  at  December  Slst,.  1945, 
with  corresponding  figures  for  the  previous  year,  are  as  follows : 

1945.  1944. 

Honorary  Members    10  10 

Mexbbers 628  688 

•'  Assotiates 1,096  1,110 

■     Students 889  888 


1   '• 


I 


i^a 


Totals 2,122  2,141 


The  names  of  5  Members,  20  Associates  and  12  Students  have 
been  removed  from  the  Roll  owing  to  non-payment  of  subscription, 
and  the  resignations  of  10  Members,  7  Associates  and  2  Students 
were  received  and  accepted.  The  name  of  one  Student  was 
removed  from  the  Roll  under  the  provisions  of  Section  II,  Clause  8» 
of  the  By-JLiaws. 

The  Council  record  with  deep  regret  the  decease  of  21  Members, 
19  Associates  and  9  Students.     Their  names  are  as  follows : 

yiembera  (21) :  Vincent  Brice  Carew  Baker,  William  John  Bamett, 
Walter  Henry  Beasley,  Edward  Leslie  Gilbert  CHegg,  Eric  Roy  Davis, 
George  Stewart  Scott  Dims,  WeJter  John  Joseph  Franks,  Edmund 
Lionel  Gay-Roberte,  George  Wynter  Gray,  Edmund  William  Janson, 
William  Henry  Johnson,  Reginald  Frank  Krall,  William  Patrick 
Leal,  John  O'Malloy  Lyons  (died  on  active  ser\-ice),  John  Taylor 
Marriner,  Frank  Oates,  Leonard  Camroux  Oliver,  Edgar  Pam, 
Hans  Pirow,  Philip  James  Arthur  Plmnmer,  Alexander  Robert 
Thomson. 

Aftsociates  (19) :  Richard  Ashley  Atkinson  (killed  on  flying  operations), 
John  Ewart  Troimce  Barbary,  Nicholas  Boonin  (killed  in  CKstion), 
Tom  Caplen,  Paul  Charles  Cuthbert  Cayley  (died  on  active  service). 
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Richard  Arthur  Ormorod  Claad«t,  William  Alfred  Coridll  (died  in 
prisoner-of-war  camp),  John  Lang^ome  FraneiB,  Csrril  Frazier, 
Ernest  Oeoige  Houghton,  Frederiok  William  KendiOl,  Donald  Rennie 
PengiUy,  Wolfram  Hermann  Albert  Penseler  (died  in  prisoner-of-war 
camp),  Cyril  Harrison  Russell  (killed  on  active  senriee),  William 
Robert  Wilson  Ronald  Scott,  Ronald  John  Ckmlson  Telford  (died 
on  active  service),  Frederick  Percy  Tremble,  Brian  Frank  Tyson 
(died  in  prisoner-of-war  camp),  Thomas  Weir. 

Students  (9) :  John  Paul  BaikoU  Bennett  (killed  in  action),  WiUiam 
Robert  Davis  (died  in  prisoner-of-war  camp),  Lawrence  Lyon 
Edwards  (killed  on  active  service),  William  Eric  Shirres  German 
(died  of  injuries  received  in  action),  Peter  Donald  Hopkins  (died  on 
active  service),  Augustus  Huws  Rocyn  Jones  (killed  in  action), 
Reginald  Arthur  Montague  Lemmon  (killed  on  flying  operations), 
Philip  John  Nice  (killed  on  active  service),  Carlos  Ren6  Pullinger 
(died  of  wounds  received  in  action). 

The  above  list  represents  a  serious  loss  to  the  Institation  and 
to  the  mining  and  metallurgical  professions.  It  includes  the 
name  of  Mr.  G.  W.  Grav,  who  was  President  in  the  Session  1988-84 
and  was  subsequently  Chairman  of  the  Committee  on  Dust 
SampUng  Investigations.  The  Council  offer  their  sincere  sympathy 
to  the  relatives  of  all  those  who  have  died. 

The  list  of  Members,  Associates  and  Students  admitted  to  the 
Institution  during  1945  is  as  follows  : 

Members  (8) :  Leigh  Watson  Bladon,  Arthur  Savile  Davis,  Antoine 
Julien  Gonon,  Bernard  John  Hastings,  William  Ewart  Hosking, 
Edward  Henry  Jones,  Albert  Edward  Phaup,  Frederick  Trostler. 

Associates  (36) :  Horace  Percival  Allwright,  Robert  Bernard  AUwright, 
Albert  Edward  Andrews,  Arnold  Armstrong,  Thomas  Hamilton 
Blair,  Gerald  Leslie  Brown  Douglas,  Claude  Arnold  Creelman,  Yulo 
Herbert  Martin  Crosby  (reinstatement),  Eric  George  Cutbush, 
Samuel  Howard  Daviee,  Tom  Price  Elwell,  Kenneth  Arthur  Fern, 
Laurence  Goudie,  Reginald  Ronald  Eric  Jacobson,  Frederick  Louis 
Jameson,  Maurice  Colin  Kain,  Jacobus  de  Villiers  Lambrechts, 
Nigel  Bertie  Locke,  James  Richard  Michell,  El  vert  Richard  Mitchell 
(reinstatement),  Ernest  George  Vincent  Ne\*'man,  John  Gibson 
Nichols,  Owen  Arthur  Mellish  NicoUe.  Albert  Philip  Notzing,  ' 
Robert  Murray  Park,  Ronald  Alfred  George  Peck.  Joseph  Penn 
RoBslyn  PoUdnghome,  Peter  Foreman  Ranaby,  Henr\'  Angwin 
Roberts,  Norman  Rudolf  Schindler,  Francis  John  Burchell  Somerset, 
Richard  Stackhouse  Stead  (reinstatement),  John  Wood  Thorbum, 
Joseph  James  Timmins,  Chester  John  Wilton,  William  Olive  Wood. 

Students  (43)  :  Hamish  Johnston  Alexander.  Sadreddin  Alpan,  Royston 
Ernest  Arch,  Anthony  Macaulay  Babington,  George  William  Belhnan, 
Malcolm  Anthony  Bowley.  Robert  Laurence  Carlton,  Philip  Alan 
Clive,  Joseph  Albert  Cocking,  Geoffrey  Arthur  William  Dove, 
John    Dyer,    Mic^hael    Gawthrop,    WiUiam   "ftwwrf    Q^A^flww^SifiS  % 
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Stanley  Gray»  Senih  Qttrel,  Frederick  Evan  Boy  Hinhlin,  Daniel 
Jenner  Hogg,  Douglas  Hoeking,  John  Roger  Hoeking,  R.  Krwh- 
naswamy,  Edward  Michael  Pateraon  Lee,  Miehael  Elliott  LewiSy  Loui^ 
William  MoNamara,  John  Soott  jSiIatheeon,  Arthur  Theodinre  Max 
Mehliiw,  Derrick  Morris*  George  Edwin  Osborne,  Tom  Penhale, 
Petroe  Qeorgiou  Petropouloe,  Daniel  Hague  Phillips,  Fredraio  Roger 
'  Phillips,  Richard  Athanasius  Pryor,  M.  Nagesa  Rao,  Maurice 
Smith  (reinstatement),  Derek  Anthony  Temple,  Peter  Allen  AK^Uiam 
Thuell,  William  Haydn  Tinker,  Mustafa  Oriian  Ural,  Peter  William 
Watson,  Peter  Ghristoplier  Mackain  Weston  (reinstatement),  Leslie 
Wilton,  Kenneth  Paul  Wright,  Alfred  Charies  Patrick  Wynne. 

The  following  have  been  transferred  : 

To  Mefnbership  (23) :  Harry  ArnaH,  Harry  Archibald  Cochran*  William 
Sinclair  Davidson,  Michael  Falcon,  John  Adams  Fawdry»  Oakley 
Qeorge  Howard  Gale,  Michael  Duhan  Garretty,  Williun  Albert 
Hardy,  Victor  William  George  Hodgson,  Cecil  John  Irving,  Edgar 
Charies  Knuckey,  Thomas  Hope  Brendan  Law^ber,  dive  Maxwell 
Norman,  Reginald  Paul  Opie,  Edmund  James  Pryor,  Douglas  John 
Rogers,  William  Sutheriand,  Walter  Wood  Tullis,  Edgar  Aruba 
Walker,  William  Moriey  Warren,  Henry  Cariyon  Webb,  Jesse  West, 
Arthur  Howell  Williams. 

To  AMOciaie^ip  (18) :  Angus  George  Forbes  Alexander,  George  Peter 
Bennett,  Arthur  William  Boustrsd,  Richard  John  Tiewhitt  Caney, 
Crichton  Colquhoun  Cullen,  Jack  Lane  Harvey,  Jan  Jacobi,  Noel 
Spenoer  Kirlr^,  Lotfollah  Nahai,  Oliver  Douglass  Paterson,  John 
Douglas  Phillips,  Coonigal  Ranganna  Ramaswamy,  Thomas  Patrick 
Simpson,  Wilfred  Leslie  Stapleton,  Arthur  Hugh  Enfi^d  Taylor, 
George  Edward  Thomson,  John  Thomson-JacOb,  Eric  William 
Warner. 

Honours  and  Distinctions. 

Beports  of  the  award  of  honours  and  distinctions  to  the  following 

members  have  been  received  diuring  the  year,  and  the  Council 

wish  to  extend  their  congratulations  to  the  recipients  : 

Order  of  the  British  Empire — 
C.B.E.  {Civil  Division)— 

Colin  Raebubn,  O.B.E.  (Member). 

O.B.E.  {Military  Division) — 

Ck>lonel  D.  T.  Hudson,  D.S.O.  {Aasociiite). 

Lieutenant  •Colonel  J.  8.  Sheppabd,  RoycU  Engineers  {A8soci<Ue). 

Lieutenant -Colonel   John   Weskley,  Perak  Local  Defence  Force 

{Member). 
Lieutenant-Colonel  G.  A.  Whitwobth,  Home  Ouard  (Member). 

M.B.E.  {Military  Divisioti) — 

Major  G.  J.  Mobtimeb,  Royal  Engineers  {Student). 

Military  Cross — 

Captain  J.  P.  B.  Bennett,  Royal  Engineers  {Student)  (since  killed 
in  action). 
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Bar  to  MUiiary  Croaa — 

Gaptain  J.  L.  Haixs,  M.C.,  South  African  ArtiUery  (Student). 

DUiiingmaKed  Flying  Cross — 

Flying  Officer  G.  O.  Rvnnaixs,  Royal  Air  Force  {S§udeni), 
Squadrcm  Leader  B.  C.  Pabostkb,   Royal  Air  Force   Volunteer 
Reeerw  (Siudent), 

Officers  and  Council. 
On  the  death  of  Lt.-Colonel  Erdgar  Pam,  Mr.  G.  F.  Laycock, 
who  had  been  Acting  President  during  Colonel  Pam's  illness,  was 
elected  President  for  the  remainder  of  the  Session  1945-46.  .  He 
was  also  elected  President  for  the  Session  1946-47. 

Dr.  J.  6.  Lawn  has  intimated  his  desire  to  resign  from  the  office 
of  Honorary  Treasurer,  and  the  Council  wish  to  record  their 
sincere  appreciation  of  the  great  service  he  has  rendered  in  this 
capacity  since  1988.  The  Council  are  glad  that  his  wide  knowledge 
and  experience  will  still  be  available,  as  he  will  continue  to  serve 
on  the  Council  as  a  Past-President.  The  Institution  has  been 
fortunate  to  secure  a  worthy  successor  to  the  office  of  Honoraiy 
Treasurer  in  Mr.  Robert  Annan,  who  has  consented  to  serve  for  the 
Session  1946-47. 

Owing  to  the  death  of  Mr.  L.  C.  Stuckey,  Mr.  E.  G.  Lawford  was 
elected  a  Vice-President  for  the  Session  1945-46.  Messrs.  Q.  Keith 
Allen,  H.  B.  Holmes,  E.  G.  Lawford,  E.  A.  Loring,  Andrew  Pearson, 
and  S.  E.  Taylor  have  been  elected  or  re-elected  Vice-Presidents 
for  the  Session  1946-47. 

The  vacancy  for  a  Member  of  Council  caused  by  Mr.  Lawford's 
election  as  Vice-President  was  filled  bv  the  election  of  Mr.  T. 

e^ 

Eastwood.  Mr.  A.  Broughton  Edge  resigned  his  seat  on  the  Council 
during  the  past  Session,  and  Mr.  A.  J.  G.  Smout  was  elected  in 
his  place.  Two  Members  of  Council,  Professor  S.  J.  Truscott 
and  Mr.  G.  W.  M.  Eaton  Turner,  expressed  their  wish  not  to  be 
included  in  the  ballot  for  the  election  of  Council  for  1946-47,  and 
the  Council  record  their  thanks  for  past  services. 

Meetings. 
Since  the  last  Annual  General  Meeting,  seven  General  Meetings 
have  been  held  in  the  Apartments  of  the  Geological  Society, 
Burlington  House,  and  the  Listitution  renews  its  thanks  to  the 
Society  for  their  continued  hospitality.  Towards  the  end  of  the 
Session,  General  Meetings  were  again  held  monthly,  thus  affording 
more  opportunities  for  members  to  meet  each  other  after,  in  many 
eases,  long  absences  abroad^  Attendances  have  reached  pre-war 
proportions.  During  1945,  thirty  Council  and  ComndUe^liiXft^XASu^ 
were  held. 
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Publications. 

The  Bulletin  has  been  published  every  two  months,  and  there  i» 
unfortunately  still  bo  prospect  of  resuming  moatUy  publication^ 
owing  to  the  meagre  ration  of  paper  and  shortage  0f  labour  at  the 
printers.  Vol.  LIII  (1948-44)  of  the  TransacHans  has  only  recently 
-been  published,  after  being  with  the  printers  ^or  many  months. 
VoL  LR^  has  now  been  put  in  hand,  and  will  be  issued  a0  soon  as 
the  difficulties  of  the  printing  trade  will  allow. 

The  Council  thank  all'  those  who  have  written  papers  and  joined 
in  discussions,  and  they  trust  that  prospective  authors  will  not 
be  deterred  by  the  unavoidable  delay  in  publication. 


'/ 


Institution  AwAtoB. 

The  Gold  Medai.of  the  Institutipn  for  1945  has  been  award^  to 
Mr.  Carl  Raymond  Davis,  E.M„  M.Inst.M.M.,  in  recognition  of  his- 
aervices  to  the  Gold  Mining  Industry  ij^. South  Africa  and  West 
Affica,  to  Mining,  in  Northern  Rhodesia,  and  to  Mining  Education 
as  the  Representative  of  the  Institution  for  eight  years  on  the 
Governing  Pody  of  the  luipenal  College  of.  Science  and  Techno^ogy^ 

•  Dr.  James  Gunsoii  Liwri,  CB.E.,  A.R.S.M.,  Hon.  D.8c.(Eng.)^ 
M.Inst.M.^f.,  Past'Presi-d^nfy  has  been  elected  an  Honorary  Member 
of  the  Institution  in  recognition  of  his  services  to  the  Institution  as 
Honorary  Treasurer  from  1938  to  1946. 

•  The  Consolidated  Gold  Fields  of  South  Africa,  Limited  *  (iold 
Medal  and  Premium  of  Forty  Guineas  have  been  awarded  to  Mr. 
Gavin  Hildick-Smith,  B.Sc.(Min.),  ]\r.Inst.M.M.,  for  his  Paper  on 
*  Shaft  Pillars  and  Shaft  Spaces  '  (Transactions,  Vol.  LIV). 

■ 

Education. 

The  scheme  for  awarding  National  Certificates  in  Metallurgy  is 
now  ill  operation,  and  so  far  10  technical  schools  and  collej^es  have 
applied  for  the  approval  of  courses  of  instruction.  Dr.  S.  W. 
Smith,  who  was  one  of  tht»  Institution's  repn^sentatives  on  the 
Joint  Committee  administering  the  scheme,  has  been  appointed 
an  Assessor,  and  his  place  on  the  Committee  has  been  taken  by 
Mr.  E.  G.  Lawford  ;  Mr.  W.  A.  C.  Newman  continues  to  serve  on 
the  Committee. 

The  Joint  Committee  on  Metallurgical  Education,  mentioned  in 

the  last  Report,  has  met  several  times,  and  will  shortly  iaaae  a 

Inochura  on   *  3/etaIlurfry  as  a  C^Ttet\    Otlwr  \iroiects .  include 
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the  formation  of  a  film  library  on  metallurgical  subjects.  Mr. 
Lawford  has  joined  this  Committee  as  an  additional  representative 
of  the  Institution,  the  others  being  Mr.  E.  D.  McDermott  and  Mr. 
Newman.  The  Committee  now  comprises  representatives  of  five 
metallurgical  institutions :  the  Iron  and  Steel  Institute,  the 
Institution  of  ^Mining  and  Metallurgy,  the  Institute  of  Britisli 
Foundryinen,  the  Institute  of  Metals,  and  the  Institution  of 
Metallurgists. 

The  Council  have  pleasure  in  reporting  the  generous  offer  of 
the  Mond  Nickel  Company,  through  its  Chairman,  Dr.  W.  T. 
Griffiths,  to  make  available  during  the  next  seven  years  a  sum  of 
£50,000  for  the  establishment  of  Post-Oraduate  JFellowshipB  in 
Metallurgy,  to  be  administered  jointly  by  the  five  metallurgies^! 
institutions.  The  Council  have  gratefully  accepted  this  offer  on 
behalf  of  the  Institution,  and  have  expressed  their  willingness  to 
co-operate  with  the  other  four  institutions. 

t 

Library. 

The  Library  was  brought  back  to  Salisbury  Bou^e  from  Derby- 
shire in  September,  1945,  and  Fh-ing  Officer  W.  G.  Watts,  K.A.F., 
was  appointed  Librarian.  Mr.  Watts  has  since  been  demobilized 
and  assumed  duties  early  in  1946.  During  the  year  270  books  were 
borrowed  from  the  Library,  and  the  total  number  of  books  atid 
pamphlets  added  was  402. 

Representation  on  Other  Bodies. 

Members  of  Council  have  continued  to  represent  the  Institution 
on  other  bodies.  Additional  representation  during  the  year 
includes  Dr.  Wm.  CuUen  on  the  Advisory  Committee  on  Metallurgy 
of  King's  College,  Newcastle-on-Tyne,  and  Prof.  J.  A.  S.  Ritson 
on  the  Committee  organizing  the  Ores  and  Minerals  Team  for 
collecting  industrial  intelligence  from  Germany  (British  Intelligence 
Objectives  Sub- Commit  tee — B.I.O.S.).  Mr.  Laycock  has  taken 
the  place  of  the  late  Colonel  Pam  as  the  Institution's  representative 
on  the  Executive  of  the  Parliamentary  and  Scientific  Comujittee. 

Accounts. 

The  Statement  of  Receipts  and  Expenditure  for  the  year  ended 
December  81st,  1945,  submitted  herewith,  shows  a  surplus  for  the 
year  of  £2,100  58.  4d.,  of  which  £1,500  has  been  placed  U^  V\x^ 
resers-e  for  post-wnr  acfivities  and  for  conUng^tincie*. 
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Expenditure  on  publications  is  less  by  approximately  £400,  due 
mainly  to  the  slow  progress  in  the  preparation  of  Vol.  LIU  of  the 
Transactions.  Two  new  items  of  expenditure  will  be  noted,  namely. 
National  Certificates  in  Metallurgy  and  the  Joint  Committee  on 
Metallurgical  Education.  The  former  item,  of  £162,  will  be 
increased  to  approximately  £300  in  1945,  and  in  addition  the 
Council  have  agreed  to  make  three  annual  donations  of  £100  each 
to  a  Prize  Fund  established  in  connection  with  the  National 
Certificates. 

G£N£BAL. 

Housing. — It  is  regretted  that  no  progress  can  be  reported  in 
the  search  for  a  fitting  home  for  the  Institution.  As  is  well  known, 
the  war  has  left  its  mark  on  London,  and  the  type  of  accommodation 
required  is  at  present  difficult  to  obtain. 

Appointments  {Information)  Register, — Over  50  vacancies  were 
brought  to  the  notice  of  the  Institution,  and  47  members  whose 
names  were  on  the  Kegister  obtained  appointments.  A  number 
of  vacancies  still  exist  for  recent  graduates. 

Silicosis. — Arrangements  are  being  discussed  for  a  Joint  Meeting 
with  the  Institution  of  Mining  Engineers  on  the  subject  of  silicosis 
and  dust  control  in  mines,  at  which  papers  on  various  aspects  of 
the  problem  will  be  submitted. 

New  Professional  Bodies. — During  the  year  the  Council  were 
ofiiciallv  notified  of  the  foundation  of  the  Institution  of  Metallur- 
gists, the  Ehodesian  Society  of  Engineers  and  the  East  African 
Association  of  Engineers.  The  Council  have  expressed  their  good 
wishes  for  the  success  and  prosperity  of  these  bodies. 

Proposed  programme  of  Boring  by  the  Geological  Survey  of  Great 
Britain. — Early  in  1945  the  Council  were  invited  by  the  Chairman 
of  the  Geological  Survey  Board  to  express  their  views  on  a 
recommendation  of  the  Advisory  Council  of  Scientific  and  Industrial 
Research  that  the  Board  should  consider  the  desirabiUtv  of  a 
progrannne  of  boring  forming  part  of  the  normal  work  of  the 
Geological  Survey.  This  recommendation  was  warmly  supported 
by  the  Council  in  a  written  reply  to  the  Chainnan,  which  was 
amplified  by  a  deputation  from  the  Council  at  a  Meeting  of  the 
Board  in  April,  1945. 

Colonial   Mines  Service. — In    October   last   a    deputation   from 

the  Council  was  received  at  the  Colonial  Ofiice   by  Sir  Charles 

Jeffries  and  other  officials.     T\ie  depwtalVoxi  ^y.^Yvi^s,ed  the  view  of 
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the  Cooucil  on  the  need  for  Inspectors  of  Mines  in  the  Colonial 
Service  to  have  had  practical  experience,  preferably  underground, 
before  appointment,  and  that  starting  salaries  should  in  conse- 
quence not  necessarily  be  at  the  minimum  rate.  Study  leave  for 
Inspectors  was  recommended,  and  other  points  made  were  that 
experienced  older  men  joining  the  Service  should  be  given  non- 
pensionable  salary  on  a  higher  scale,  that  the  disparity  in  salary 
between  Geologists  and  Inspectors  of  Mines  should  be  removed, 
and  that  the  status  of  the  Inspectorate  should  be  improved  by 
ensuring  that  the  Chief  Inspector  has  direct  access  to  the  Governor 
of  his  colony. 

Misu^  of  IniiidU  Signifying  Mefuhershij)  of  {he  Institution. — 
Three  cases  of  the  misuse  of  initials  signifying  membership  of  the 
Institution  were  reported  to  the  Council  during  the  year,  and 
appropriate  action  was  taken. 

In  conclusion,  the  Council  wish  to  record  their  appreciation  of 
the  efficient  service  of  the  Secretary  and  staff  of  the  Institution 
during  the  past  year,  which  included  the  arduous  work  of  re* 
arranging  the  Library  in  its  new  accommodation  in  Salisbury 
House. 

By  Order  of  the  Council, 

G.  F.  LAYCOCK,  President. 
W.  J.  FELTON,  Secretary, 
nth  Apnl,  1946. 
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Subject  to  revmon.]    [A  Paper  issued  on  May  9A,  1946,  io  be 

submified  far  discussion  at  a  Meeting  of 
the  InsHtutUm  of  Mining  and  Metallurgy,  to 
be  held  in  ihe  Apartments  of  the  Geological 
Sociely  of  London,  Burlington  House, 
PiccadtOy,  London,  W.l,  on  Thursday, 
June  200i,   at  5.0  o'clock  p.m. 

Sandfllllng  at  Muftdira. 

By  A.  C.  TtJRTON .♦ 

Introduction 

MtJiTJURA  mine  is  situated  in  the  Copperbelt  of  Northern  Bhodeda 
and  lieg  in  latitude  12*^  82'  south,  longitude  28°  25'  east,  at  an 
elevation  of  4,100  ft.  above  sea  level.  The  topography  of  &ie 
district  is  one  of  low  relief  and  the  vegetation  is  of  the  savannikh 
typo,  with  an  open  growth  of  trees  40  ft.  to  60  ft.  high.  The  climate 
is  subtropical,  with  regular  wet  and  dry  seasons.  The  average 
rainfall  in  the  wet  season  from  November  to  April  is  about  50  in. 

The  Mufulira  mine  covers  a  strike  (N.W.-S.B.)  of  7,000  ft.  to 
8,000  ft.  and  consists  of  three  separate,  flat,  lenticular,  super- 
imposed ore-bodies  ranging  from  10  ft.  to  60  ft.  in  true  thickneM 
and  separated  from  ecwsh  other  by  barron  rock  varying  from  0  ft. 
to  50  ft.  in  true  thickness.  The  two  lower  ore-bodies  (B  and  C) 
merge  in  the  central  part  of  the  mine  for  a  strike  distance  of  8,000 
ft.  to  4,000  ft.  and  down  the  dip  for  upwards  of  2,000  ft.  The  dip 
(N.E.)  varies  from  80**  to  55**. 

The  ore  occurs  in  hard  medium-  to  fine-grained  quartzite,  the 
ore-bodies  being  conformable  to  the  bedding  :  the  only  noteworthy 
features  from  a  ground-support  point  of  view  are  : — 

(a)  The  Mudseam,  which  forms  the  hanging- wall  of  the  C; 
or  lower,  ore-body.  This  is  a  soft  mineralized  sandstone,  8  ft.  tb 
6  ft.  thick,  which  is  of  little  value  in  a  supporting  pillar. 

(b)  The  Lower  Dolomite  (15  ft.  thick),  which  forms  the  hanging- 
wall  of  the  B.,  or  middle,  ore-body.  This  is  completely  weathered 
to  black  manganese  wad  to  depths  of  from  250  ft.  to  900  ft.  below 
the  surface. 

The  ore-bodies  are  not  mined  above  the  250-ft.  level  from  the 
surface,  as  leaching  has  removed  the  copper  content. 

The  foot-wall  country  rock  is  a  cross-bedded  sandstone,'  generally 
poorly  consolidated  to  a  depth  of  1,000  ft. 
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The  hanging-wall  country  rooks  are  quartzites,  dolomites,  and 
shales,  in  general  softer  than  the  ore-bodies,  weathered  to  a  depth 
of  over  1,400  ft.,  and  containing  large  quantities  of  water. 

Reasons  for  Adopting  Sandfilling 

In  the  upper  portion  of  the  mine— i.e.,  above  the  460-ft.  level — 
the  ore-bodies  were  mined  separately  {vide  Fig.  1,  Plate  I),  using 
the  sub-level  open  stoping  method.  It  was  found  that  the  A,  or 
upper,  ore-body  could  be  mined  in  some  instances  for  a  stope-strike 
width  of  over  100  ft.  without  signs  of  collapse  of  the  hanging- wall 
and  over  1,000  ft.  of  strike  was  mined,  with  stope  widths  varying 
from  60  ft.  to  100  ft.  and  pillars  of  10  ft.  to  15  ft.,  without  collapse 
of  the  hanging-wall. 

In  the  B  ore-body,  where  a  skin  of  6  ft.  was  left  in  the  hanging 
to  support  the  manganese  wad,  a  stope  strike  width  of  60  ft.  was 
found  to  be  the  maximum  to  permit  completion  of  the  stope  before 
ooUapse  of  the  hanging-wall  skin. 

In  the  G  ore-body  it  was  found  that  the  mining  of  two  adjacent 
60-ft.  strike-width  stopes  was  the  maxinmm  to  permit  completion 
before  collapse  of  the  hanging-wall,  which  in  this  case  generally 
involved  the  overlying  ore- bodies  and  caved  to  the  surface. 

The  need  for  some  method  of  support  for  the  hanging-wall  in 
mined  stopes  was  therefore  obvious  for  the  following  reasons  : — 

(1)  To  prevent  flooding  of  the  mine  by  caving  into  the  overlying 
water-bearing  formation. 

(2)  To  prevent  air  blasts.  (With  three  superimposed  openings 
totalUng  a  thickness  of  120  ft.  to  170  ft.  and  a  possible  almost 
instantaneous  collapse  the  hazard  to  life  is  considerable.) 

(3)  To  attain  predictable  ore  extraction. 

The  only  suitable  material  readily  available  for  hanging- wall 
support  is  the  sand  from  mill  taihngs,  so  that  experiments  in  this 
direction  were  carried  out  between  1985  and  1937,  when  sandfilling 
of  stopes  was  started  on  a  major  scale.  This  has  now  attained  what 
is  probably  the  maximum  required — i.e.,  100,000  to  130,000  tons 
of  sand  placed  per  month. 

Mining  System 

The  general  system  of  mining  at  Mufulira  from  the  260-ft.  level 
to  the  900-ft.'level'is  the  sub-level  open-stope  bench  and  trail  method, 
with  haulages  at  the  460-ft.,  660-ft.,  and  900-ft.  levels.  The  stopes 
are  60  ft.  wide  along  the  strike,  with  a  back  of  850  ft.  down  the  dip, 
and  a  15-ft.  pillar  between  stopes. 

Sequence  of  Stoping. — At  the  commencement  of  stoping  at  the 
mine  the  sequence  of  mining  was  to  stope  out  the  ore-bodies  in 
the  order  A,  B,  then  C,  or  A,  then  B-C  (if  the  latter  were  mined 
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together),  but  later  the  sequence  of  etoping  was  idrersed— the 
order  being  now  C,  B,  A. 

Fig.  2  BhowB  in  graphic  form  the  stoping  and  filling  sequence. 
In  a  developed  block  the  two  centre  C  stopes  are  mined  firat, 
commencing  from  the  centre  pillar  and  retreating  towards  the 
laddemay.  When  the  two  C  stopes  are  complete  the  overlying  U 
stopea  begin  breaking  ore,  and  bulkheading  of  the  drawpoinis  and 
sub-levels  in  the  pillars  of  the  C  stopes  starts  immediately  :  vhvn 


Pio.  3. — Hoction  through  ore-bodies  showing  tTpical  sandfllling  Hqnence. 

the  concrete  is  aufficientiy  sft  the  sand  is  run  in  from  the  top  levels. 
As  tilling  proceeds  the  slotting  of  the  two  adjacent  IJ  stopes  follows 
the  sand  level.  When  the  C  ore-body  stopes  are  about  filled  the 
B  stopes  are  usually  mined  out  and  biUkheaded  and  the  sand 
flows  through  raises  at  1.5"  to  17°  grade  into  the  B  ^Kopes,  and  so  uii, 
to  the  A  ore-body  stopes  later  (Fig.  3). 

When  the  sand-tilling  programme  was  laid  out  it  was  assumed 
that  40  per  cent  of  the  ore  mined  would  be  recovered  as  sand  for 
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fiUiiig  and  im  one  ion  of  sand — settled  and  drained-^oeooinef 
20.cn.  ft.,  as  oompaied  with  solid  rock  at  18*8  cu.  ft.  per  ton : — 

100  tons  of  ore  at  18*3  oo.  ft./taa  <"  1,330  on.  ft.,  and 

40  per  cent  reooveiy  of  Mnd  at  20  cu.  ft./toii  »  800  ecu  ft., 

therefore  the  sand  recovered  would  occupy  60  per  cent  of  the  spaoe 
of  the  ore  mined.  (Notb:  The  short  ton  of  2,000  lbs.  is  used 
throughout  the  paper.) 

With  this  point  in  view  the  programme  was  laid  out  to  fill  the 
whole  of  the  third  ore-body,  or  C,  stopes  and  two  stopes  of  the 
B  ore-body  and  two  of  the  superimposed  A  stopes  in  each  block 
where  they  were  mined  separately,  as  well  as  all  the  B-C  stopei 
phis  two  A  stopes  in  each  block  where  the  former  are  mined  together. 
In  this  method  there  would  be  a  soUd  pillar  of  sand  150  ft.  wide 
extending  from  the  foot-wall  to  the  hanging-wall  of  the  ore  series. 

At  the  present  time  the  recovery  of  sand  has  increased  to  55  per 
cent ;  thus  approximately  75  per  cent  of  the  volume  of  the  stopei 
can  be  filled,  allowing  for  loss  of  sand  through  shutdowns.  Therefore 
practically  all  of  the  B  stopes  can  be  filled  as  well  as  the  C  stopes. 

Experimental  Work  om  Sandfilling 

The  gangue  is  quartzite  and  graywacke  with  an  average  silica 
content  of  75  per  cent,  and  a  typical  screen  analysis  of  the  tailing^ 
in  1985  was  : — 

SoUds  per  cent  +65         +100         +150         +200         +325        —326 

16-8  1  6  12  14  20  47 

The  most  important  requirement  of  a  sand-filling  material  is 
that  it  must  leach  rapidly,  since  it  is  placed  in  a  fluid  condition  and 
hydrauhc  pressure  must  be  reduced.  For  this  purpose  in  1985  a 
Dorr  classifier  with  16-ft.  bowl  was  installed  at  2  Shaft  and  a  pipe- 
line 8  in.  in  diameter  was  laid  down  the  shaft  (40°  incline)  to  a  smaD 
stope,  B.  19E,  above  the  860-ft.  level  and  adjacent  to  the  shaft. 
Some  2,800  tons  of  sand  were  duly  placed  in  this  stope  and  showed 
conclusively  that  the  mill  tailings,  deslimed  and  dewatered,  made 
an  efficient  support  for  the 'hanging  of  the  stopes,  having  the 
requisite  qualities  for  leaching. 
.A  typical  screen  analysis  of  this  experiment  is  as  follows : 


Tailings  Feed 

SoUda 
per 
cent 

Screen  Oradinffa 

P               .               .    .  .        • 

+65 

+  100 

+  150 

+200 

+325 

—9» 

4i  oil.  ft./inin. 
Sand  dMcharge 
Overflow  

16-8 
70-6 
12-6 

1 
6 

6 

18 

1 

12 

25 

6 

14 

27 

7 

20 
8 
32    . 

47 
16 
54 

Stopes  C.20  and  C.21  east  of  2  Shaft  and  above  the  4MV^. 
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ItmA  were  then  filled  and  the  elasmfier  moved  to  8  Slwtt.  in 
November,  1987,  for  filling  stopes  C.l,  0.2,  C.8  East,  afid  B.1, 
B.2,  B.8  East,  and  B.O  and  B.l  West. 

Meanwhile  a  oham-drin  bore>hole  wag  pat  down  tiom  the  anifaee 
to  (he  260-ft.  level  at  C.7  West  and  cased  with  6-in.  oaEiDg  to  solid 
a^  1?0  ft.,  and  a  single  steel  dewatering  cone  9  ft.  in  diameter  and 
9  ft.  deep  erected  over  the  bore-hole.    This  cone,  with  a  tailings 


Fro.  4— Structnre  for  8-eons  bkttery. 
feed  of  24  en.  ft./min.,  and  density  of  86  per  cent  solids,  proved  to 
recover  more  of  the  finer  sands  than  the  Dorr  classifier,  having  the 
same  density  of  feed.    This  loss  from  the  classifier  was  due  to  the 
agitation  of  the  rakes. 

Bore-holes  were  then  Bunk  to  the  upper  service  level  (240  ft.  to 
260  ft.)  at  the  intersection  of  the  ladderways,  which  are  ruaed  in 
the  foot-wall.  Owing  to  the  overbnrden  of  approximately  100  ft. 
and  tin  leme  friable  nature  of  the  rock  above  the  240-ft.  levol, 
tb^  bdre-boleS  were  drilled  12  in.  in  diameter  and  lined  tbrongfaorot 
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with  4-in.  I.D.  reinforced  concrete  pipe.  The  whole  string  of 
concrete  pipes,  each  6  ft.  in  length  with  bell  and  spigot  joint  caulked 
with  cement  and  sand  as  lowered,  is  inserted  into  the  bore-hole 
suspended  on  N  diamond  drill  rods.  The  bore-hole  at  the  holing  of 
the  ladderway  is  caulked  round  with  coconut  matting  and  the 
space  between  the  pipe  and  the  wall  of  the  hole  filled  up  with 
concrete — 1:3:5  mixture  (the  crushed  stone  of  minus  ^-in.  mesh). 
Steel  lining  of  the  bore-holes  has  a  very  short  life,  owing  to  the 
abrasive  action  of  the  sand. 
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Fig.  4a. — Distributor  for  8-conc  battery. 

Four  batteries,  each  of  eight  steel  cones,  with  battery  capacity 
of  1,000  tons  of  sand  per  24  hours  (Figs.  4  and  4a)  were  erected 
and  run  simultaneously  with  the  classifier  at  3  Shaft,  the  programme 
being  to  move  these  cone  batteries  from  ladderway  to  ladderway 
as  the  stopes  came  in  for filing,  but,  in  practice,  it  was  found  that 
time  taken  to  move  a  battery  (approximately  30  days)  was  time 
lost  and  sand  lost  to  stopes.     Therefore,  a  desliming  batte^^  ci^ 
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Fio,  S, — De-waUring  eonas. 


SANDFILLma  AT  KUFULIBA. 


9 


cones  is  now  erected  at  each  bore-hole,  in  order  that  any  stopes 
can  commence  filling  immediately  stoping  has  been  completed  and 
the  drawpoints  and  lower  sublevels  bulkheaded. 

The  desliming  cones  shown  (Fig.  5),  with  either  two  or  four 
compartments,  depending  on  the  sand  requirements  of  the  section 
to  be  filled,  were  evolved.   These  are  constructed  from  local  timber 
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SLIDING      GATE 

Fig.  6. — Discharge  door. 
(6-in.  by  6-in.  framing)  and  Congo  (9-in.  by  2-iii.)  tongue-and- 
grooved  planking,  with  discharge  gates  (Fig.  6)  at  the  bottom  of 
each  compartment.  These  desliming  cones  have  proved  very 
satisfactory,  with  a  recovery  of  58  per  cent  of  total  soUds,  and  a 
capacity  of  1,400  to  1,500  tons  of  sand  per  24  howta. 
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An  average  screen  analysis  of  a  battery  of  foar  desBming  cones 
IB  as  follows  : — 


Tailings  Feed 

Soli4fi 
per 
ceni 

Screen  Qradings 

-f  100 

+  150 

+  200 

+  326 

—326 

70  to  90  cu.  ft.  /mill.    . . . 

Underflow..... 

Slimes  overflow    

34 

72 
19 

14 

30 

1 

19 

29 

3 

16 

20 

9 

14 
11 
13 

37 
10 

74 

SuRFACB  Layout 

The  general  layout  of  the  sand-filling  plant  at  present  is  shown 
in  Fig,  7^  A  length  of  2,000  ft.  of  16-in.  I.D.  concrete  pipe-line, 
reinforced  for  80  lb.  internal  pressure,  is  laid  from  the  mill  thickener 
to  8  Shaft  at  40  ladderway,  with  four  cast-iron  tees,  spaced  at 
approximately  600-ft.  intervals,  for  the  tailings  feed  to  the  batteries 
west  of  8  Shaft.  At  this  point  an  8-in.  Wilfley  sand  pump  with  an 
8-in.  Victaulic  pipe  column  and  a  6-in.  Wilfley  pump  with  6-in. 
pipe  column  laid  on  surface  are  used  to  boost  the  tailings  oast  of 
8  Shaft.  The  6-in.  pump  is  used  as  far  as  22  ladderway  and  the 
8-in.  to  the  eastern  fringe  of  the  mine.  Both  columns  are  tied  in 
to  the  batteries  at  22,  28,  and  34  ladderways.  This  system  is 
arranged  for  flexibility  and  either  one  or  both  pumps  run,  depending 
on  the  volume  of  tailings  available. 

The  branch  lines  to  the  batteries  are  G-in.  flanged  standard  pipe 
with  a  J-in.  steel  plate  faced  with  conveyor  belting,  having  an 
aperture  of  a  diameter  to  feed  70  cu.  ft.  per  minute  of  tailings  to 
each  battery.  Very  little  wear  takes  place  in  the  8-in.  and  ()-in. 
tailings  pipes,  as  a  furring  -^-in.  to  J-in.  in  tliicknoss  forms  from  the 
slimes  and  lime,  giving  a  lining  of  a  vitreous  nature  to  the  metal. 
The  8-in.  column  has  been  in  constant  use  for  six  years. 

An  8-in.  Sulzer  pump  (low  head)  dehvering  1,200  gallons  of  water 
per  minute  is  installed  where  the  16-in.  concrete  tailings-main 
crosses  the  mine  water  furrow — just  north  of  the  Dorr  thickener — 
and  pumps  water  directly  into  the  tailings  pipe  in  order  to  reduce 
the  density  of  the  tailings  from  56  per  cent  to  34  per  cent  solids. 

It  might  be  noted  that  in  1941  the  mill  increased  the  density 
of  the  tailings  from  around  87  per  cent  to  over  66  per  cent,  with  the 
conBequenoQ  that  desliming  was  bad  and  precipitation  of  sand 
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HOOK     BOLT 
Fia.  ».— SandSUing  barricade— detailed. 
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16  ▲•  O.  TUBTOK: 

(sand  and  erushed  stone)  is  dropped  down  the  bore-hole  on  alternate 
days.  From  the  bore-hole  at  the  660-ft.  level  the  material  is 
trammed  to  the  ladderways,  where  bulkheading  is  in  progress. 
This  material  bore-hole  has  taken  a  considerable  amount  of  extra 
work  ofif  the  Main  Service  Shaft  and  is  quite  satisfactory. 

With  the  cleaner  materials  used  and  cleaner  sand  in  the  stopes, 
a  considerable  saving  would  be  effected  by  reverting  to  the  1:8:5 
mixture  for  concrete  and  the  author  shows  later  that  the  pressure 
on  bulkheads  from  sandfill  is  quite  small. 

Sand  Dblivbby  Pipes 

As  stated  previously  the  sand-fiUing  bore-holes  are  sunk  to  the 
1260-ft.  level  at  the  ladderways.  At  this  point  6-in.  by  45^  cast-iron 
laterals  are  placed  to  effect  the  change  over  from  the  concrete 
lining  of  the  bore-holes  to  the  4-in.  sand-delivery  pipes,  which  are 
laid  down  the  raises  to  the  delivery  points ;  in  the  case  of  the 
900  to  660-ft.  level  stopes  these  will  be  along  the  600-ft.  level. 

Originally  some  5,000  ft.  of  4-in.  rubber-lined  pipe  in  8-f t.  lengths 
was  purchased  (the  rubber  vulcanized  to  the  metal  of  the  pipe) 
and  the  majority  of  this  pipe  is  still  in  use  ;  it  is  pre-eminently  the 
most  suitable  pipe  to  stand  up  to  sand  abrasion.  There  is  also 
less  friction  owing  to  the  smooth  rubber  surface.  One  string 
of  rubber-lined  pipe  (down  3  Shaft — 40**  incline)  has  passed  750,000 
tons  of  sand  and  a  section  cut  across  a  test  pipe  shows  a  -ft^-in. 
thickness  of  rubber  wall  left  from  the  original  J-in.  thickness. 

^Vhen  further  rubber-lined  pipe  was  unobtainable,  owing  to 
the  rubber  situation,  recourse  was  made  to  ordinary  4-in.  standard 
pipe.  These  were  random  lengths  of  18  ft.  to  20  ft.,  screwed  and 
flanged  with  standard  4-hole  flanges.  These  proved  unsuitable, 
for  although  the  pipes  were  turned  a  quarter  turn  every  week  to 
equaUze  the  wear  the  metal  at  the  threads  had  been  cut  through 
after  one  month's  use — 30,000  to  40,000  tons  of  sand — and 
although  there  was  further  life  left  in  the  barrel  of  the  pipe  the  walls 
were  too  thin  for  re-threading.  A  consignment  of  Spang  piping 
then  came  forward.  This  has  a  ^-in.  wall  and  is  cut  into 
10-ft.  lengths  ;  8-hole  flanges  are  skimmed  out  and  welded  to  the 
pipe  and  10-ft.  lengths  are  easily  handled  in  raises,  etc.  These 
pipes  are  turned  ^  of  a  turn  every  two  weeks  and  this  goes  on  till 
the  wall  is  too  thin  to  continue  their  use.  Their  life  is  from  4  to  5 
months — i.e.,  160,000  tons  of  sand.  All  bends  are  rubber-lined ; 
not  greater  than  45^  and  as  great  a  radius  as  possible. 

It  is  the  practice  at  Mufulira  to  keep  sufticient  rubber-lined  pipes 
of  8-ft.  length  and  to  bend  these  with  pipe  benders  to  the  required 


SASDVUJJXO  AT  ICUFDLIBA. 


17 


mava,  imag  two  lengths  to  oompieta  a  curve  of  90°.  Oidiiuti7 
standard  bends  of  46"  out  through  aft«r  throe  or  four  days'  wear 
and  are  continnally  replaced.  An  excellent  first-aid  device  ii 
«ooonut  matting  cut  into  9-ft.  b;  1-ft.  atrips ;  this  bandage  is 
steeped  in  a  paste  of  neat  cement  and  bound  tightly  round  the 
bend  or  pipe  shonld  a  hole  wear  through  due  to  denting  with  rough 
handling.  These  bandies  have  frequently  outlived  the  pipe. 
A  hue  of  4-in.  diameter  pipe  will  d^ver  with  ease  2,000  dry  tons 


STANDARD  I'WaniLLtQ  FLANGG 

SLEEVE 
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W^LVE    TUBING 
Via.  11. — Non-ratum  valve  for  oomprewed  oil:  into  i-in,  ivmI  line, 
of  aand,  having  a  nioistare  cont«nt  of  82  per  cent  in  24  hours. 

Frequently  the  sand  has  to  be  boosted  considerable  distances 
along  the  horizontal  sub-drive.  After  considerable  experimenta- 
tion a  compreHsed-air  non-rotum  valve  has  been  evolved.  It  is 
simplicity  itself,  very  economical  on  air,  and  efficient.  The  only 
oare  required  is  a  weekly  check  over  to  see  that  the  rubber  tubes  have 
their  eliuticity  and  the  air  vents  are  clear.   All  ti 
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the  rubber  hose,  is  readily  obtainable.  The  rubber  tubing  is 
l^in.  inside  diameter  and  If-in.  outside,  soft  rubber  with  no 
reinforcing  fabric.  The  hose  is  renewed  every  six  weeks.  S(yme 
40  tons  of  sand  per  hour  have  been  boosted  continuously  day  after 
-day  with  an  air  consumption  of  2,880  cu.  ft.  per  hour  for  1,M0  ft. 
horizontally,  or  72  cu.  ft.  of  air  per  ton  of  sand.  This  is  the  greatest 
distance  it  has  been  necessary  to  transport  the  sand  heretofore. 
The  possibility  is  that  this  distance  can  be  doubled. 

The  4-in.  lateral  for  the  air  valve  is  placed  in  the  sand  line 
80  ft.  to  100  ft.  from  the  bottom  of  the  ladder  way  along  the  sub- 
drive,  and  a  diaphragm  of  i-in.  plate  faced  with  conveyor  belting, 
both  having  a  3-in.  diameter  aperture,  is  placed  in  the  sand  line  on 
the  approach  side  of  the  lateral.  This  baffle  ensures  the  bore  of 
the  pipe  being  full  for  a  minimum  distance  up  the  raise  of  50  ft. 
If  the  air  is  inserted  too  near  the.  ladderway  it  will  blow  back 
towards  the  surface,  dewatering  the  sand  and  causing  a  choked 
pipe  and  bore-hole.    Fig.  11  shows  the  air  valve  in  detail. 

Air  pressure  below  70  lb.  per  square  inch  is  not  satisfactory, 
so  a  800-cu.  ft.  Holman  compressor  is  held  as  a  stand-by  should 
the  pressure  of  air  from  the  main  power  plant  drop,  as  it  usually 
-does  after  the  mining  shift.  An  independent  2-in.  air  line  is  laid 
down  40  ladderway  to  the  600-ft.  level,  where  it  divides  and  runs 
east  and  west,  2  in.  for  the  first  portion  of  the  branches,  and  then 
reduced  to  1  in.  pipe  with  tees  at  ladderways  to  supply  air  to  the 
valves.  The  change  over  from  main  air  to  auxiliary  compressor  is 
made  immediately  and  no  drop  in  pressure  is  allowed. 

Since  the  use  of  compressed  air  the  4-in.  pipes  along  the  levels  are 
iwt  turned,  the  wear  taking  place  evenly  all  round  the  bore.  The 
sand  is  emitted  intermittently — a  gush  of  full  bore  for  a  few  seconds, 
then  nothing  for  about  the  same  period. 

Personnel 

1  foreman. 

1  charge  hand  with  five  boys .;   maintenance  of  cones  and  surface  lines  and 
pumps. 

1  carpenter  and  six  boys  ;  erection  of  cones,  launders,  etc. 

2  pipefitters  :  six  boya  each  ;  underground  sand  lino^. 

3  operators,  one  on  each  shifty  each  with  20  boys. 

1  boss  boy. 

2  boys  per  battery. 
1  telephone  b6y. 

1  underground  leading  hand,  in  charge. 
1  pipe  boy  (examiner). 

4  barricade  boya. 

The  erection  of  aaad-iilhng  barricades  in  the  stopes  is  done 
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by  the  underground  timbermen  under  the  supervision  of  the  mine 
captains.  An  average  of  six  tinibermen,  each  with  eight  boys,  is 
usually  employed  on  barricades. 

Operation 

Batch  classification  is  now  the  system  on  all  the  batteries  of 
cones — i.e.,  the  tailings  are  turned  into  the  cones  and  when  the  sand- 
is  level  with  the  overflow  Hp  the  feed  is  turned  into  the  next  and 
the  full  cone  of  sand  is  discharged  down  the  bore-hole.  In  this  way 
the  slime  content  is  more  under  control.  It  will  be  seen  then  that 
with  a  battery  of  eight  steel  cones  four  will  be  discharging  sand  and 
the  other  four  filling  up.  Originally  automatic  discharge  valves 
were  fitted,  which  were  operated  by  sand  friction,  but  were  not 
completely  successful  owing  to  occasional  sticking.  All  discharge 
i:ates  are  now  operated  manually. 

Each  steel  cone  when  full  contains  nine  tons  of  sand  and  each 
compartment  of  the  wooden  desliming  cones  contains  40  tons  of 
sand.  A  tally  board  is  kept  at  each  battery  and  a  tally  kept  of  the 
number  of  cones  discharged  on  each  shift.  The  sand  discharges  at 
the  gate  with  a  moisture  content  of  28  per  cent,  or  72  per  cent 
solids,  which  is  too  heavy  to  run  along  the  pipes. 

A  water  gauge  (Fig.  12)  is  fixed  over  the  bore-hole  and  clean 
water  to  liquify  the  sand  to  68  per  cent  solids  is  added.  The 
1-in.  valve  is  adjusted  to  run  the  requisite  number  of  holes  (usually 
four;.  This  system  is  easily  understood  by  the  native  attendants 
and  is  entirely  satisfacybory,  the  quantity  of  water  discharged 
from  the  orifices  being  :  8  holes,  7  gallons  ;  4  holes,  9  gallons  ; 
and  5  holes,  13  gallons  per  minute. 

When  a  stope,  or  succession  of  stopes,  is  to  be  filled,  700  to  1,000 
tons  of  sand  are  run  in,  then  closed  off  for  two  days  or  so  to  allow 
the  sand  to  leach  off  water  thoroughly  and  set.  Filhng  is  then 
continued  to  bring  the  sand  up  to  each  succeeding  sub-level 
(30  ft.  apart  vertical  distance)  where  the  free  water,  which  never 
exceeds  8  ft.  at  the  deepest  point,  is  decanted  off  through  the 
barricades.  This  battery  is  then  shut  down  for  three  days  and  the 
operator  starts  up  another  set,  which  has  had  a  period  of  rest. 
At  any  time — whether  the  sand  level  has  reached  a  sub-level  Or 
not — if  the  filHng  is  closed  down  for  six  hours  the  surface  of  the 
sand  is  entirely  free  of  water,  and  is  compact  and  hard,  barely 
leaving  a  footprint.  Blocks  of  six  stopes  are  filled  with  as  equal 
facility  as  one  stope.  In  fact,  the  only  objection  is  whether  the 
open  stopes  will  stand  up  l(Mig  enough  before  caving. 

There  is  a  small  amount  of  ciassification  of  the  sand  m  t\i^  ^X^o^^^. 
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Hie  sand  is  poured  into  the  stope  at  the  foot- wall  and  dows  towards 
the  hanging-wall,  where  the  free  water  collects  betwe«i  sub-levels, 
and  it  is  in  this  water  that  claBsification  takes  place — the  coaraa 
partiolee  depositing  immediately  at  the  water's  edge  and  grading 
off  to  the  fines  at  the  hanging-wall.  This  ie  not  as  serious  as  it 
may  at  first  appear.  The  sand  pours  into  a  stope  at  one  point  at 
the  foot-wall  and  in  the  m^ority  of  cases  the  stope  is  60  ft.  along 
the  strike  and  170  ft.  to  180  ft.  from  foot  to  hanging,  and  from  the 
point  of  entry  the  tlowj  is  either  to  the  eastern  pillar  or  western 
pillar  or  north  to  the  hanging  for  hours  at  a  time,  driving  the  small 
.  pond  o!  water  ahead  to  different  positions  in  the  stope. 


Water  gauge  for  a<lding  v«tcr  to  sMid. 


Owing  tu  inaccessibility  it  is  not  possible  at  MufuUra  to  fill  from 
the  hanging-wall  side  or  to  distribute  the  sand  over  the  whole 


a  by  II 


soffa 


Drainage  of  interstitial  moisture  from  sand  in  stopes  ct-aees 
in  two  months  or  so  front  the  time  fillini;  has  stopped  and  the 
moisture  content  of  sand  which  has  been  lying  in  stopes  for  two 
years  averages  11  per  cent.  A  ooitsiderable  amount  of  initial 
moisture  is  absorbed  by  fissurt'S  and  cracks  in  the  rock,  particularly 
in  the  loat-K&W.   From  practical  experience  in  the  stupes  at  ilufulira 
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the  angle  of  repose  of  sand  is  :  66  per  cent  solids,  9*  ;  68  per  cent 
solids,  12** ;  70  per  cent  solids,  16"". 

When  flowing  long  distances  from  stope  to  stope  through  the 
sub-level  openings  in  the  pillars  the  sand  is  de watered  by  absorption 
en  route  and  at  76  per  cent  soUds  ceases  to  flow — this  over  a 
distance  of  360  ft.  to  400  ft. 

Percolation  Eate 

Tests  were  run  on  a  number  of  sand  samples  to  determine  the 
rate  of  percolation.  For  this  purpose  a  glass  tube  was  used  of 
)|-in.  diameter  and  the  charge  of  sand  was  50  grammes,  resulting 
in  a  column  of  sand  just  under  8  in.  long.  Water  was  added  after 
the  sand  and  successive  50-c.c.  additions  were  allowed  to  percolate 
through  the  wet  sand  bed.  The  figures  (Table  I)  shown  on  time  of 
draining  are  the  average  of  eight  tests  each. 

Table  1 


Prodftci 

Screen 
Oradinga 

Draining 
Time 

Product 

Screen 
Oradings 

Draining 
Time 

Sand 

+  66  :     9-8 

Sand 

+   66  :   11-6 

from 

+  100  :  31-4 

from 

+  100  :  31-3 

Steel 

+  160  :  29-6 

8-76 

Wooden 

+  150  :  27-6 

11-34 

Cones 

+  200  :   13-9 
+  326  :     6-3 
—326  :   100 

mins. 

Ck>ne6 

+  200  :   13-8 
+  326  :     5-7 
—326  :   10- 1 

minB. 

An  average  percolation  rate  of  1  ft.  in  40  minutes. 

Volumetric  Screen  Analysis  : — A  sample  of  composite  final  tails 
(250  g.)  was  screen  sized  into  the  gradings  +100  to  — B25  mesh. 
Dried  fractions  were  weighed  and  measured  volumetrically  in  a  glass 
cylinder  by  tapping  until  no  further  consolidation  took  place. 

Table  II 


Mesh 

Per  cent  Weight 

Per  cent  Volwne 

+  100 
+  150 
+  200 
+  326 
—326 
Whole  tails 

14-5 
15-4 
13-3 
10-2 
46-6 

13^4 
14-9 
12-5 
9-7 
49-6 
11% 

1    \ 
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,The  results  are  given  in  Table  II,  showing  that  the  volume  of  the 
sum  of  the  fractions  considerably  exceeds  the  volume  of  the  compo- 
site due  to  hiterstitial  consolidation. 

Dotning  of  Sand : — Experiments  were  carried  out  in  a  wooden 
box  8  ft.  square  and  10  ft.  high  to  contain  32  tons  of  sand  when  full. 
An  opening  12  in.  square  was  cut  in  the  side  near  the  bottom  and 
another  opening  18  in.  square  in  the  centre  of  the  door.  These 
openings  were  closed  loosely  with  doors  lined  with  coconut  matting. 
The  box  was  then  filled  in  40  minutes  with  sand  of  average  screen 
gradings  and  at  68  per  cent  solids.  When  the  moisture  content 
dropped  to  22  per  cent  or  78  per  cent  solids,  which  was  in  90  minutes 
from  the  time  the  box  was  full,  the  doors  were  immediately  opened. 
The  sand  exposed  at  the  side  door  did  not  in  any  way  show  signs 
of  sloughing  off,  but  remained  perfectly  perpendicular  with  no 
bulging  and,  of  course,  no  free  moisture. 

The  bottom  door  when  opened  discharged  a  small  amount 
of  sand  at  once,  causing  a  dome,  the  top  of  which  was  27  in.  above 
the  opening.  This  dome  remained  till,  the  following  day,  when 
the  box  was  emptied  and  the  experiment  repeated  with  all  con- 
ditions being  equal,  with  the  exception  that  the  bottom  opening 
was  increased  to  24  in.  square,  when  the  height  of  the  doming  was 
86  in.  The  following  day  the  opening  was  increased  to  86  in. 
square  and,  the  other  conditions  being  equal,  the  doming  was 
54  in.  high. 

The  sand  was  then  left  in  the  box  for  30  days,  open  to  the  weather 
and  rainfall,  which,  during  that  period,  was  15  in.  The  dome 
remained  the  same,  but  there  was  considerable  dripping  of  water 
from  the  bottom  of  the  box. 

From  this  experiment,  it  would  follow  that  the  doming  height  of 
sand  is  : 

H  =  W  X  1-6 
whero  H  =  height,  and  W  =  width  of  opening. 

Quantities, — Milling  200,000  dry  tons  per  month  =  278  tons  per 
hour. 

278  tons  solids  with  66  per  cent  moisture  j^ives  a  ratio  of  solids 
to  solution  of  1  :  1-94. 

278  tons  +  539*3  tons  water  =  817-3  tons  tailings  per  hour  at 
25-16  cu.  ft. /ton. 

=  20,555  cu.  ft.  of  tailings  per  hour — which  gives  a  feed  of 
approximately  70  cu.  ft./niin.  to  each  of  live  batteries. 

Prom  the  average  of  pulp  and  sludge  density  samples,  taken 
every  2  hours  throughout,  an  average  of  34  per  cent  solids  in  tailings 
and  20  per  cent  solids  in  overflow  was  obtained. 
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From  the  formula  below — where  F.,  S.  and  Q.  represent  dry  tons  of 
feed,  sand,  and  overflow,  and  f.,  s.  and  q.,  per  cent  moisture  in 

feed,  sand  and  overflow  respectively  : 

_,        100    —  8  ^ 
^  =   F   X    j^^-— ^  X 

-    278   X    ^^-^^    X 

"  100  —  66         80  —  26 

=    163  tons  per  hour. 
A  rate  of   163  tons  per  hour  operating  600  hours  per  month 
gives  91,800  tons  per  month.    Using  the  tally  system  on  the  same 
tonnages   per  month  gives    102,000  tons,  a   discrepancy  due   to 
various  causes. 

Costs 
The  average  cost  to  date  of  sandfilling  since  the  commencement 
is  0.57s.  per  ton  of  sand  placed.    This  is  split  into  four  main  headings  : 

Shillings 
Surjace  :  Per  ton 

Includes  tailings  pipe  lines  and  sand  pump  spares  ; 
cost  of  cones  and  erection  maintenance  ;  operation 
of  saudfilling  cones  ...         ...         ...         ...         ...        0*148 

Ufidergroimd  : 

Includes  bore-holes  and  lining,  4-in.  sand  pipes  to 
stopes,  and  bulkheading  of  stopes...         ...         ...        0*405 

Pumping  : 

Leaching  water  from  stopes   ...         ...         ...         ...        0*015 

Overflow  slimes  disposed  by  gravitation      ...         ...        0*002 


0*570s. 


Notes 

The  tailings  pipe-lines  choke  occasionally  owing  to  insufficient 
velocity  of  tailings,  caused  by  worn  pump  impellers,  in  which 
case  the  pump  should  be  repaired  and  the  pipe  line  cleaned  at 
once,  otherwise  the  sand  sets  and  the  line  will  have  to  be  dis- 
connected at  every  joint.  If  done  at  once  a  disconnection  every 
100  ft.  is  sufficient. 

Underground  4-in.  sand  lines  choke  frequently — mainly  owing 
to  holes  being  worn  at  bends,  or  the  blowing  of  gaskets.  In  this 
case,  it  is  most  important  to  repair  the  line  and  clear  at  once.  The 
average  time  taken  to  clear  1,000  ft.  of  4-in.  line  is  8  hours.  If  left 
for  more  than  24  hours  it  has  taken  three  shifts. 

A  combination  of  water  and  compressed  air  is  used  to  clear  pipes. 
Air  alone  does  more  harm  than  good  by  drying  out  the  sand  in 
the  pipe. 
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When  starting  up  a  battery  a  full  l*in.  pipe  of  water  is  nu  down 
for  16  minutes. to  flash  the  sand  line  before  opening  up  the  sand, 
and  after  closing  down  the  flushing  is  repeated,  and  the  bore- 
hole plugged. 

When  wooden  desliming  tanks  are  closed  down  they  are  alwayi 
filled  to  capacity  with  sand,  which  prevents  the  timber  dfynig 
out,  thus  avoiding  leaks,  and  preserving  the  wood. 
.  Coconut  matting  on  the  bulkheads  should  bo  covered  with  sand 
within  six  months,  or  rot  sets  in,  due  to  the  warm  humid  atmosphece 
of  a  olosed-in  stope.  If  covered  with  sand,  matting  lasts  practioaOy 
indefinitely. 

Telephonic  communication  with  the  surface  operators  is  main- 
tained by  means  of  a  manual  telephone  on  the  600-ft.  level,  which 
is  the  main  distributing  level  in  the  mine,  and  also  by  automatie 
telephone  from  all  the  main  haulages.  The  leading  hand  in  charge 
of  the  barricade  guards  reports  by  phone  at  least  once  every  two 
hours  to  the  operator  on  shift. 

Table  III 
Ore  Removed  and  Samdfillbd 


Oft  Hemoved 

San^fifMl 

Year  ending 

TonsMiUed 

Cubic  Feei 

Tona 

Cubic  Fern 

Start  of  OperatioDB  to 

June,  1937   

2,481,007 

32,997.393 

2,300 

46,000 

To  June,  1988 

1,598,886 

21,265,184 

299,500 

5,990,000 

„       ,.     1939 

1.782,119 

23,702,183 

816,649 

16,332,0S0 

„       „      1940 

2,192,340 

29,158.122 

721,044 

14,420,880 

„       „      1941 

2,411,303 

32,070,330 

801.002 

16,020,040 

„       „      1942 

2,617,611 

33,484.226 

1,159.806 

23.196,110 

„       ,.      1943 

2.594,131 

34,501,942 

908,656 

18,173.120 

„  date — ^March,1944 

1,994,972 

26,533,128 

983,783 

19.676,660 

Totals    

17,572,369 

233,712,508 

5.692,740 

113,864,800 

*^^*  Extra  copies  of  ffcw  paper  may  hr  obtained  at  a  coitf  oj 
U.  9J.  each,  at  the  office  of  the  Institufion,  Salisbury  Hoti^, 
Finshury  Circus,  London,  E.C,  2. 
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Flo.   15. — A  batt«ry  of  eight  ateel  deHliming  conea. 


Fia.  iff — Distributor  and  iautiderit  feeding  desltioing  I&uIm. 


A.  C.  Tv&TOK  I  SandfiUing  at  Mi^uUm. 


FiQ.  17.— Column  of  eand  discharging  from  ore  gate  ol  desliming  tank. 


Fin.  18. — View  ahowing  back  of  stopo  onil  surface  of  Hand. 


THE  INSTITUTION  OF  MINING  AND  METALLURGY. 

iBStitntton  as  a  1>ody  !•  Bot  r««poiuii1il«  for  tho  statomoiita  nuUto 
or  oplBloiw  oxprossod  in  an j  of  its  pntolleattona. 

FIFTH  ORDINARY  GENERAL  MEETING 

OP  THE 

FIFTY- FIFTH     SESSION 

Held  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

PiccadiUy,  W.  1, 

ON 

Thursday,  February  21st,  1946. 

Mr.  G.  F.  Laycock,  President,  in  the  Chair. 


DISCUSSION 
on 

The  San  Telmo  Ore-Body,  Spain. 

By  J.  C.  Allan,  Member. 

The  President  announced  that  the  paper  submitted  for 
discussion  that  evening  was  on  the  San  Telmo  ore- body  by 
J.   C.   Allan. 

This  paper  covered  certain  aspects  of  a  sui)ject '  which  had 
been  discussed  many  times  before,  but  which  was  always  of 
interest  to  the  mining  geologist  and  mining  engineer — namely, 
the  genesis  of  the  large  pyritic  ore- bodies  which  are  found 
in  the  province  of  Huelva,  Spain.  In  this  case,  however,  the 
author  referred  more  particularly  to  the  complex  ore  which 
occurred  in  the  Santa  Barbara  mass  of  the  San  Telmo  group. 
He  had  never  visited  that  part  of  Spain  and  was  unable, 
therefore,  to  offer  any  constructive  criticism  or  comments  on  the 
subject,  but  he  was  interested  to  find  that  the  author  made  several 
references  to  the  complex  ore  found  at  Buchans  mine,  Newfound- 
land, with  which  he  was  very  famihar  indeed.  The  author  drew 
attention  to  various  similarities  between  the  two  ores  and  the 
speaker  had  thought  it  might  be  of  interest  to  members  MV^  ^m\» 


2  J.  C.  ALLAN  : 

a  few  specimens  of  the  Buchans  ore  on  the  table  for  inspection. 
He  could  not  see  himself  that  the  two  ores  were  ve;y  similar,  the 
interesting  point  being  that  they  both  contained  a  high  percentage 
of  barvtes. 

Some  of  the  specimens  of  the  Buchans  ore  might  show  evidence 
of  the  structures  referred  to  in  the  paper,  but  he  would  prefer  to 
leave  it  to  the  geologists  to  express  an  opinion  on  that.  Some 
comments  from  the  staff  at  Buchans  upon  the  paper  would  be  read 
later  on  in  the  discussion.  Unfortunately  the  author  was  abroad 
and  unable  to  introduce  the  paper  in  person,  but  Dr.  David 
Williams,  who  had  an  intimate  knowledge  of  the  district,  had 
kindly  undertaken  the  task. 

Dr.  David  Williams  expressed  his  regret  that  Professor  W.  R. 
Jones  was  prevented  by  indisposition  from  introducing  the  paper 
on  behalf  of  the  author.  As  a  background  to  the  subject  under 
discussion  the  speaker  sketched  the  general  geology  of  the  pyritic 
field  of  the  Huelva  Province,  describing  with  the  aid  of  a  diagram- 
matic section  across  the  area  the  location  of  the  various  mineralized 
zones  and  their  spatial  relations  to  the  intrusive  porphyries.  He 
then  summarized  the  paper,  pointing  out  that  in  the  author's 
opinion  the  sulphides  had  crystallized  mainly  from  an  intrusive 
hydro-pyritic  matte  to  yield  massive  pyrite,  complex  ore,  and 
cupreous  pyrite  as  tliroe  successive  phases.  Colloidal  solutions 
had  played  an  important  role  in  ore  deposition,  especially  in  the 
formation  of  the  complex  ore,  and  hydrothermal  sulphide  replace- 
ment had  been  effective  locallv  and  notablv  near  the  niarj^ins  of 
the  ore- bod V. 

The  speaker  concluded  his  introduction  by  reading  the  following 
moinorandum  submitted  by  the  author  : 

'  In  putting  forward  this  paper  I  am  very  conscious  of  the  fact 
that  the  information  given  falls  very  far  short  of  the  complete  data 
I  would  have  liked  to  present.  When  the  mine  was  being  worked 
for  complex  ore  the  idea  of  this  paper  had  not  occurred  to  me  and 
the  details  presented  represent  what  I  have  been  able  to  extract 
from  the  company's  records.  I  have  ventured  to  put  forward 
such  details  as  are  available  in  this  form  so  that  they  may  be 
permanently  on  record,  as  I  hope  that  even  in  this  Hmited  form 
they  are  of  interest. 

*  The  association  of  barytes-bearing  fine-grained  zinc  mineral 
with  bodies  of  massive  pyrite  appears  to  be  too  widespread  not  to 
have  some  significance.  Apart  from  the  examples  in  the  Province 
of  Huelva,  the  following  may  be  mentioned  :  (1)  Buchans  Biver 
and  the  pyritic  bodies  of  Tilt  Cove  and  Little  Bay,  Newfoundland  ; 
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^2)  the  Aldermac  Moulton  Hill  deposit  and  the  Eustace  mine, 
'Quebec  ;   and  (8)  the  complex  ore  at  the  Parys  mine,  Anglesey. 

*  Hydrothermal  replacement  as  I  understand  it  ig  the  molecular 
replacement  of  the  original  rock  by  mineral-bearing  solutions  which 
are,  in  turn,  conceived  as  dissolving  the  original  for  the  deposited 
mineral.  I  cannot  see  why  under  the  wide  range  of  conditions 
that  must  have  obtained  such  mineral-bearing  solutions  should 
be  assumed  to  have  a  comparatively  limited  range  of  concen- 
tration. 

*  I  suggest  that  little  is  known  of  the  conditions  under  which 
such  solutions  can  be  formed,  so  that  the  degree  of  concentration 
must  be  largely  hypothesis.  The  conception  of  a  hydro-pyritic 
matte  is  after  all  analogous  to  a  highly  concentrated  solution  and 
it  would  seem  to  me  that  much  of  the  argument  can  be  boiled  down 
to  a  question  of  the  degree  of  concentration  of  the  solutions  at  any 
one  point  at  any  one  time.  Nature  does  not  work  to  precise 
mathematical  rules  and  in  the  range  from  hydro-pyritic  mattes  to 
hydrothermal  replacement  as  normally  understood  there  is  ample 
room  for  intermediate  effects  which  mask  the  criteria  conventionally 
applied  to  either  theory  '. 

The    President  then  invited  Dr.    Williams  to  open  the 
discussion  on  the  paper,  and  Dr.  WilUams  continued  by  confessing 
that  he  had  found  the  paper  rather  unbalanced,  since  too  much 
theory  had  been  built  on  an  inadequate  foundation  of  fact.     Never- 
theless the  paper  was  valuable  in  drawing  attention  to  a  barytes- 
rich  complex  ore  which  was  not  common  in  the  pyritic  deposits  of 
Spain.     The  account  of  the  geology  of  the  ore-body  and  of  the 
mineralization  was,  however,  so  meagre  that  to  discuss  it  was  almost 
analogous   to   tilting  at   windmills.     The   description  and   cross- 
-sections   did   not   make   it   clear  whether   the   ore-body   dipped 
northwards  or  southwards,  whether  it  was  roughly  conformable  to 
the  flow-cleavage  of  the  slates  or  not,  or  whether  the  adjacent 
porphyry  was  wholly  sheared  or  was  massive  and  ramified  by 
stockwork  veinlets  of  sulphide.     It  was  stated  that  the  apex  of 
the  ore-body  *  showed  the  characteristic  secondary  enrichment  of 
copper  values,  although,  owing  to  the  fact  that  it  did  not  outcrop, 
no  leaching  or  erosion  of  the  soHd  sulphide  appears  to  have  taken 
place  '.     The  terra  secondary  copper  enrichment  usually  imphed 
the  deposition  of  supergene  copper  sulphides — such  as  sooty  black 
chalcocite  and  blue  covelUte — from  downward-percolating  sulphate 
solutions  derived  by  oxidation  of  the  primary  sulphides.     As  there 
"Was  no  mention  of  chalcocite  and  covelUte  in  the  paper  it  seemed 
that  the  author  was  misusing  the  term  secondary  euriclmv^wX^  V^ 
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embracing  within  it  the  introduction  of  chalcopyrite  deposited 
at  a  comparatively  late  stage  of  the  primary  mineralization.  Tru& 
secondary  enrichment  necessitated  some  leaching  of  the  primary 
ore  and  this  leaching  could  take  place  anywhere  within  the  zone  of 
oxidation,  which  might  be  hundreds  of  feet  in  depth,  even  though 
the  ore-body  failed  to  outcrop. 

In  the  absence  of  any  direct  clues  given  in  the  context  the 
speaker  enquired  whether  the  irregular  cross-sections  of  the  ore- 
body  on  the  lower  levels  were  related  to  irregularities  in  the  contour 
of  the  foot-wall  porphyry.  He  also  asked  whether  the  *  horses  ^ 
within  the  sulphide  mass  consisted  of  porphyry  or  slate,  and 
whether  any  of  them  had  been  proved  unequivocally  to  be  wholly 
enclosed  in  the  ore-body  without  connection  with  the  wall-rocks. 

Although  no  instances  of  zinc,  lead,  or  barytes  disseminations 
had  been  recognized  at  San  Telmo,  *  such  as  would  point  to  hydro- 
thermal  replacement ',  at  the  Bio  Tin  to  mines  disseminated  barytes 
of  hydrothermal  origin  was  quite  common  in  the  hanging-wall 
slates,  in  horses  within  the  massive  ore,  and  in  the  porphyry  foot- 
wall,  while  grains  of  blende  and  galena  were  locally  scattered 
abundantly  through  the  porphyry  in  the  vicinity  of  stockwork 
veinlets. 

The  author  might  have  exaggerated  the  degree  of  dependence 
placed  by  protagonists  gf  the  replacement  hypothesis  upon  banding 
in  ore  as  a  palimpsest  structure  inherited  from  replaced  rock. 
They  were  fully  aware  that  banding  could  arise  in  other  ways — 
such  as  by  colloidal  deposition,  by  parallel  encrustations  in  open 
veins,  and  by  the  plastic  deformation  of  sulphides.  An  obvious 
contribution  to  the  solution  of  the  problem  of  ore  deposition  lay 
in  reasoning  back  from  visible  results,  and  on  this  score  there  could 
be  no  doubt  in  very  many  cases  that  banded  ore  was  due  to  the 
replacement  of  slates  and  fissile  porphyry.  A  suite  of  specimens, 
mostly  collected  by  the  late  H.  F.  Collins,  was  exhibited  to 
demonstrate  various  stages  in  the  passage  from  slate  to  banded 
ore.  At  Rio  Tinto  it  was  sometimes  possible  to  trace  banded  ore 
into  unreplaced  horses  of  slate  whose  cleavage  was  parallel  to 
banding  in  the  adjacent  sulphide,  irrespective  of  irregularities  along 
the  margins  of  the  horses.  In  addition  to  such  clear  evidence  of 
replacement  it  was  often  possible  to  demonstrate  passages  from 
massive  porphyry  into  solid  ore  by  increase  in  sulphide  content,  so 
that  the  hmit  of  massive  ore  was  merely  an  assay  boundary. 

The  lenticular  form  of  many  of  the  pyritic  bodies  in  the  Province 

of  Huelva  had  been  attributed  to  the  infilling  of  openings  formed  by 

orogenic  pressures,  to  the  distension  of  the  walls  by  the  pressure  of 
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mineralizing  solutions,  to  the  force  of  crystallization  of  the  sulphides, 
and  other  causes.  It  was  possible,  however,  that  the  shape  of 
some  ore-bodies  had  been  influenced  by  post-mineralization  plastic 
deformation.  In  many  areas — such  as  at  Rio  Tinto,  Esperanza, 
and  Monte  Romero — the  ore-bodies  had  been  partly  deformed  by 
post-minerahzation  pressures,  the  early  pyrite  was  often  brecciated, 
And  the  chalcopyrite  frequently  exhibited  polysynthetic  pressure- 
twinning.  Under  the  influence  of  pressure  the  sulphides — especially 
those  of  lead,  zinc,  and  copper — would  tend  to  suffer  plastic  flow. 
This  might  result  in  the  development  of  banding  and  elongation  of 
the  sulphide  grains,*  although  complete  recrystallization  would 
obliterate  such  textural  evidence  of  deformation.  The  speaker 
considered  that  if  the  ore-bodies  had  been  subjected  to  strong 
pressure  they  could  undergo  what  he  might  call  *  metamorphic 
■differentiation  ',  so  that  the  later  sulphides  would  flow  and  possibly 
-exhibit  cross-cutting  relationships  towards  the  other  sulphides  in 
the  manner  of  intrusive  veins. 

The  wall-rocks  of  the  ore-bodies  commonly  contained  innu- 
merable cubes  of  pyrite  surrounded  by  eye-shaped  lenticular  areas, 
known  as  '  pressure-shadows  ',  mainly  infilled  with  feather  quartz. 
Although  many  of  these  lenses  had  probably  been  opened  by  the 
iorce  of  crystallization  of  the  growing  cubes  most  of  them  appeared 
to  be  due  to  the  linear  stretching  of  the  porphyry  or  slate,  so  that 
the  matrix  was  dragged  away  from  the  faces  of  the  pyrite  crystals 
to  form  potential  openings  that  were  filled  continuously  with  quartz. 
It  was  significant  that  the  orientation  of  these  pressure-shadows 
was  parallel  to  that  of  the  nearby  ore-bod}'.  By  analogy  with  the 
microscopic  cubes  of  pyrite  and  their  enveloping  haloes  it  was 
possible  to  visualize  an  early  resistant  body  of  massive  pyrite  being 
subjected  to  continuing  earth-pressure  so  that  potential  cavities 
formed  at  its  apex  and  extremities,  towards  which  the  later 
mineralizing  solutions  bearing  copper,  lead,  and  zinc  would  tend 
to  flow. 

Professor  G.  V.  Douglas  had  recently  offered  an  explanation  as 
to  why  some  of  the  Huelva  ore-bodies  were  richer  in  primary  copper 
towards  their  apices.*  The  mechanism  envisaged  was  a  softening 
of  the  slates  by  hydrothermal  solutions  rising  through  the  stock- 
work  porphyry  towards  lens-shaped  cavities  opened  up  along  the 
cleavage  of  the  slates  or  along  the  porphyry-slate  contacts.  On 
reaching  the  wider  cross-sections  of  the  lenses  the  upward  current 
of    mineralizing   solutions    would    be    slackened    and    the    early- 

♦*  The  Hydrodynamical  Factor  iii  Ore  Deposition'.     American  Jo\iTtvaX 
of  Science,  Vol.  243-A,  Daly  Volume,  1945,  pp.  122-1^4. 
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crystallizing  pyrite  would  tend  to  settle  towards  the  bottom  of 
the  lenses,  the  subsequent  precipitation  of  copper,  lead,  and  zinc 
sulphides  taking  place  in  the  upper  parts  of  the  cavities. 

The  author  seemed  to  base  his  support  for  colloidal  ancestry  of 
the  complex  ore  upon  its  frequent  banded  structure  and  the 
presence  of  abundant  barytes,  which,  at  Buchans  mine  in  Newfound- 
land, is  definitely  associated  with  colloform  structures.  Although, 
the  speaker  admitted  that  the  barytes  might  have  been  precipitated 
from  a  dispersed  sol,  he  saw  no  adequate  reason  to  invoke  the  aid 
of  this  detis  ex  machina,  Colloform  structures  could  also  be- 
developed  by  the  precipitation  of  material  as.  a  colloid  at  the  site 
of  deposition,  even  though  it  had  previously  been  transported  in 
true  solution.  The  available  experimental  evidence  suggested  that 
hydrothermal  alkali  sulphide  solutions  were  incapable  of  carrying 
large  quantities  of  metal  and  that  iron  in  particular  was  not  readily 
soluble  in  them.  For  this  reason  several  American  writers  had 
advocated  the  transport  of  sulphides  in  a  dispersed  solid  phase, 
deposition  being  effected  by  dispersal  of  the  peptizing  agent 
(possibly  HjS),  by  coagulation  by  alumina,  or  some  electrolyte^ 
The  speaker  was  certainly  prepared  to  accept  the  possibility  of 
such  a  means  of  ore  deposition,  especially  if  it  could  be  supported 
bv  factual  evidence. 

Barytes-bearing  sulphide  ore  somewhat  similar  to  that  of  the 
complex  ore  at  San  Telmo  had  recently  been  described  from  the 
Twin  J  mine,  Vancouver  Island,  where  it  had  been  attributed  to 
the  replacement  of  folded  cherty  tuffs.*  Although  the  speaker 
had  examined  the  deposits  at  Tilt  Cove  and  Little  Bay  in  New- 
foundland he  had  not  observed  much  barvtes  in  them,  and  he  would 
therefore  welcome  any  further  information  about  the  nature  of 
the  barytes  occurrences  at  these  localities. 

Mr.  P.  F.  Whelan  congratulated  the  author  on  a  paper 
packed  with  informative  detail  and  with  closely  reasoned  arguments. 
It  was  in  no  spirit  of  criticism  that  he  wished  to  point  out  one  aspect 
in  which  the  presentation  might  be  improved.  The  new  observa- 
tion that  in  the  Santa  Barbara  mass  all  the  banding  occurred  within 
the  mass  and  could  not  be  considered  as  pseudomorphic  after 
replaced  slate  was  of  such  cardinal  importance  that  an  endeavour 
should  be  made  to  interpret  it  in  a  manner  beyond  the  reach  of 
controversy.  On  p.  13  the  author  wrote  :  *  Banding  would  be 
more  likely  to  have  been  produced  under  conditions  analogous  to 
a  colloidal  sol.  .    .  .  Thus  a  colloidal  ancestry  for  the  complex  ore 

♦Stevenson,  J.  S.     '  Geology  of  the  Twin  J  Mine  '.     Can,  Min.  Met. 
Bull.,  May,  1945. 
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might  be  deduced  from  the  banded  structure,  which  is  a  pheno- 
menon known  to  be  associated  with  colloids  '.  This  argument 
carried  great  weight  in  1925  when  Edge  put  forward  the  Liesegang 
phenomenon  as  an  explanation  of  regular  banding  in  the  pyritic 
ore-bodies,  but  there  had  now  to  be  taken  into  account  a  vast 
amount  of  research  into  periodic  precipitation  since  that  time 
and  the  fact  had  to  be  faced  that  present-day  views  on  rhythmic 
phenomena  ran  in  some  degree  counter  to  the  conceptions  current 
in  1925,  and  repeated  in  the  paper.  On  the  whole,  it  seemed  that 
the  case  for  explaining  these  regularities  in  the  ore  in  terms  of 
periodic  precipitation  had  been  strengthened  rather  than  weakened 
by  the  new  information  accumulated  with  the  passage  of  the  years, 
but  it  was  all  the  more  essential  to  present  the  case  so  that  it  would 
escape  criticism  from  modem  workers  in  the  field. 

Periodic  precipitates  were  usually  prepared  by  allowing  a  gel — 
such  as  gelatine  or  silicic  acid — containing  a  dilute  solution  of  one 
reactant  to  set  in  the  lower  part  of  a  test-tube  and  then  pouring  a 
concentrated  solution  of  the  other  reactant  on  top.  After  some 
time,  a  series  of  bands  of  precipitate  formed  within  the  gel,  and 
were  called  '  Liesegang*s  rings  '  after  a  prolific  worker  in  this  field. 
Between  1890  and  1925  numerous  examples  of  rhythmic  structures 
were  prepared  b}^  this  technique — invariably,  however,  in  a  colloidal 
medium.  In  1926,  for  the  first  time,  a  periodic  precipitate  was 
prepared  in  the  absence  of  colloidal  material,  when  Ostwald  pro- 
duced rings  of  calcium  hydrophosphate  by  interaction  of  disodium 
hydrophosphate  and  calcium  chloride  in  capillary  tubes.  In  the 
same  year  Fischer  and  Schmidt  reported  rhythmic  bands  of 
calcium  hydroxide  formed  in  a  non-colloidal  medium  by  a  slightly 
different  technique. 

Following  these  Continental  discoveries  Doyle  and  Ryan  in 
these  islands  carried  out  a  studv  of  manv  periodic  reactions  and 
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pubhshed  their  principal  results  in  1929.  The  preparations  made 
by  these  workers  were  the  first  examples  of  periodic  precipitation 
the  speaker  had  had  the  opportunity  to  examine  and  even  to-day, 
after  18  years,  he  could  vividly  recall  a  small  research  laboratory 
where  racks  of  glass  tubes  containing  regular  rings  of  chromates, 
iodides,  and  other  precipitates  made  a  brilliant  and  unusual  display. 
Amid  this  array  of  colour,  however,  the  real  centre  of  interest  lay 
in  some  apparently  insignificant  assemblies  of  narrow-bore  tubing 
containing  calcium  chloride  solution,  so  suspended  that  the  open 
ends  of  the  capillaries  dipped  into  a  bath  of  saturated  disodium 
hydrophosphate,  the  whole  arrangement  being  carefully  main- 
tained at  a  constant  temperature.     In  these  narrow  tub^^,  c>^Ti- 
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submission  of  some  remarks  which  are  the  result  of  a  discussioo 
with  our  geological  staff,  in  charge  of  Dr.  H.  J.  MacLean. 

*  Since  the  submission  of  Dr.  W.  H.  Newhouse's  paper*  a  large- 
amount  of  structural  geological  study  has  been  completed,  mainly 
in  the  hope  of  locating  extensions  to  the  known  ore-bodies  or 
favourable  geological  areas  which  may  lead  us  to  new  ore-bodies^ 
However,  in  the  mining  of  the  ore-bodies  and  in  the  structural 
research  certain  theories  of  genesis  have  been  developed  which  are- 
not  in  accordance  with  the  paper  by  Dr.  Newhouse  or  the  paper 
by  Mr.  P.  W.  George.f 

*  At  Buchans  the  country  rock  is  a  series  of  Ordovician  lava 
flows,  agglomerates,  and  tuffs,  varying  in  composition  from  quartz- 
latite  to  basalt.  There  are  no  immediate  intrusive  bodies  other 
than  diabase  dykes.  Dr.  Newhouse  refers  to  rhyolite-porphyry 
intrusive  sheets  in  the  Buchans  mine  vicinity  ;  however,  further 
underground  development  work  has  shown  these  sheets  to  be  acid 
flows  and  agglomerates.  Granodiorite  and  diorite  intrusive  masses 
border  the  mine  on  the  north  ;  the  nearest  outcrops  are  four  miles 
from  the  mine  workings.  Other  than  the  usual  break-down 
products  there  is  no  evidence  in  the  country  rock  of  metamorphic 
recrystallization.  Quartz  or  carbonate  veins  in  the  country  rock 
surrounding  the  mine  are  very  rare. 

*  The  ore  solutions  are  believed  to  have  risen  to  the  favourable 
horizon  through  an  undiscovered  fault  or  faults  and  to  have 
advanced  up  the  dip  to  the  location  of  a  favourable  sheared  and 
altered  zone  ;  there  the  hydrothermal  solutions  replaced  the 
sheared  volcanic  in  scattered  centres  of  crystal  deposition,  each 
individual  lens  enlarging  until  some  of  thein  united  to  form  major 
ore  sheets.  The  lar^^^est  single  ore  sheet  has  a  length  down  the 
dip  of  1,200  ft.,  a  maximum  width  of  500  ft.,  and  a  maximum 
thickness  of  175  ft.  ;  this  lens  is  composed  of  fine-grained  sphalerite- 
galena-barite,  with  some  chalcopyrite-pyrite  bands  near  the  foot- 
wall  ;  narrower  bands  and  veinlets  of  chalcopyrite  occur  irregularly 
through  the  ore  lens. 

'  The  barite  gangue  varies  from  about  15  to  20  per  cent  in  the 
high-grade  ore  lenses  to  about  80  to  90  per  cent  in  the  low-grade 
baritic  ore  lenses.  The  ore  and  barite  content  of  individual  lenses 
is  fairly  constant  throughout  the  lens,  although  there  are  almost 
barren  barite  layers  present  on  the  hanging-walls  or  foot-walls 
of  some  of  the  lenses. 

*  Econ,  GeoL,  Vol.  26,  1931. 
tA.I.M.E.  Tech.  Pub.  816,  1937. 
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*  Most  of  the  ore-bodies  are  massive  sulphide  and  barite  with 
sharp  boundaries,  bordered  by  schist ;  however,  a  considerable" 
number  of  the  lenses,  especially  in  the  eastern  mine,  have  dissemin- 
ated boundaries  between  the  high-grade  centres  and  the  altered 
surrounding  dacite.  In  the  lenses  there  are  gradual  variation* 
from  fine  to  coarse  grained,  from  sphalerite-galena  to  chalcopyrite, 
and  from  high  grade  to  medium  grade,  but  there  are  no  sharp 
inter-lens  boundaries  to  suggest  fissure-infilling  of  injected  ore- 
masses  cutting  the  rest  of  the  ore. 

'  There  is  considerable  hydrothermal  alteration  of  the  enclosing 
country  rock,  with  the  development  of  several  feet  or  more  of 
chlorite  or  sericite  schist  at  the  ore  contacts.  So  far  to  date  no 
other  type  of  replacement  except  "  hydrothermal "  has  been 
recognized.' 

Mr.  J.  B.  Richardson  said  he  would  like  to  express  his 
hearty  appreciation  of  ^fr.  Whelan's  constructive  contribution  on 
rhythmic  precipitation,  with  its  bearing  on  the  formation  of 
banded  ore. 

At  the  Santa  Barbara  mine,  on  the  upper  levels  and  at  the  same- 
horizon,  it  was  possible  to  see  a  clear-cut  contact  between  cupreous^ 
pyrites  and  complex  ore  and  not  many  metres  away  a  gradual 
merging  of  complex  ore  into  cupreous  pyrites,  frequently  with 
well-developed  banding.  This  puzzling  phenomenon  gave  rise  to 
much  local  discussion.  In  this  connection  the  specimen  exhibited 
on  the  table,  labelled  San  Telmo,  was  not  as  typical  of  the  banded 
ore  found  there  as  the  sample  from  Collins's  collection  labelled- 
Monte  Romero. 

He  would  like  to  amplify  the  author's  description  of  the  San 
Telmo  complex  ore  which  formed  such  an  important  feature  of 
the  paper.  It  had  no  visible  crystalhne  structure ;  the  texture  of 
the  blocks  was  hke  a  concrete  made  of  equal  parts  of  Portland 
cement  and  verv  fine  sand  and  the  usual  colour  was  dark  blueish 
grev.  Even  when  it  had  remained  on  the  surface  for  years  it  did 
not  soften  or  break  up,  but  was  as  hard  as  freshly-mined  ore,  and 
only  dififered  in  appearance  by  surface  staining — usually  streaks  of 
a  dark  chocolate  colour.  Complex  ore  left  on  the  dumps  by  the 
Spanish  owners  many  years  before  was  collected  and  used  as 
mill  feed.  In  spite  of  much  discussion  in  the  mill  it  was  never 
definitely  proved  to  be  inferior  to  freshly-mined  complex  ore  as 
feed  for  the  flotation  plant.  The  author  did  not  mention  that  this 
ore  was  successfully  treated  in  the  mill  from  1927  up  to  the  time- 
of  the  great  slump  in  metal  prices,  to  produce  a  large  ioTrcka.%<b  vi\. 
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zinc,  lead,  and  copper  concentrates  of  saleable  grades.     At  present 
prices  it  would  be  again  an  economic  proposition. 

The  milling  problem  was  interesting  and  intricate,  as  the  author 
hinted,  owing  to  the  intimate  intergrowth  of  the  constituent 
minerals.  With  the  highest  magnification  of  the  mill  microscope 
it  was  frequently  impossible  to  distinguish  the  separate  sulphides 
and  only  mixed  particles  of  sphalerite  and  pyrite  could  be  seen. 
At  the  outset  all  the  ore  was  ground  to  mintis  200-mesh  and  at  one 
time,  when  recoveries  were  lower  than  usual,  it  was  suggested  that 
it  be  ground  to  ^nimis  1 ,000-me8h  to  free  the  separate  minerals. 

As  the  Collins  collection  of  specimens  of  ore  exhibited  on  the 
table  showed,  complex  ore  of  a  similar  type  was  known  to  exist 
on  a  number  of  other  properties  and  it  was  understood  at  the  time 
that  parcels  had  been  sold  abroad,  but  San  Telmo  was  the  first 
company  to  treat  the  material  in  Spain,  because  of  the  much  larger 
tonnage  of  zinc-bearing  complex  ore  found  there. 

The  question  much  discussed  at  the  time  the  mill  was  operating 
was  that  if  the  Santa  Barbara  mass  was  from  the  same  parent 
magma  and  of  the  same  age  as  other  ore-bodies  in  the  district, 
some  of  which  had  also  not  reached  the  surface,  then  was  not  the 
much  greater  tonnage  of  zinc  and  lead-bearing  complex  ore  an 
ijtdication  of  an  immense  mass  of  pyrite  below  ?  He  would  like 
to  hear  the  opinion  of  geologist  members,  especially  those 
acquainted  with  the  southern  Iberian  pyritic  ore- bodies,  on  this 
point. 

From  the  paper  itself  and  the  discussion  it  would  appear  that 
there  was  wide  divergence  of  opinion  on  the  theory  of  origin  of 
these  ore-bodies.  Farther  afield,  in  America,  one  read  there  was  a 
school  of  thought  that  opposed  the  assumption  that  ore-bodies 
are  necessarily  related  genetically  to  the  nearest  igneous  intrusion 
and  doubted  whether  ore- bodies  derived  from  a  magma  at  all. 

The  author  pointed  out  that  at  San  Telmo  there  were  no  known 
instances  of  dissemination  of  zinc,  lead,  or  barvtes  in  the  countrv 
rock  near  the  Santa  Barbara  mass,  but  he  understood  from  Dr. 
David  Williams's  spoken  contribution  that  disseminations  of  zinc 
and  barium  minerals  were  found  in  the  porphyry  walls  at  Rio 
Tinto.  Naturally,  if  further  development  was  contemplated  at 
San  Telmo  the  nature,  origin,  structure,  and  order  of  deposition 
of  the  different  types  of  ore  should  be  taken  into  account.  He  did 
not  know  if  the  upper  levels  at  San  Telmo  were  still  accessible,  but 
if  so  it  would  seem  a  good  idea  for  a  competent  economic  geologist 
to  investigate  further  the  points  under  dispute,  to  collect  factual 
evidence,  and  bring  it  for  discussion  to  a  meeting  of  the  Institution, 
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in  order  to  see  if  it  shed  fresh  light  on  the  relation  between  neigh- 
bouring, better-known  ore-bodies,  and  that  one  which  appeared  to 
be  unique  among  Southern  Iberian  pyritic  masses.  The  main 
object  in  so  doing  would  be,  of  course,  to  guide  local  mining  engineers 
in  the  search  for  new  ore,  the  proper  function  of  mining  geologists. 

Mr.  W.  W.  Vajrvill  said  that  he  had  recently  returned  from 
Germany,  where  he  spent  three  weeks  examining  lead-zinc  mine's,, 
during  a  fortnight  of  which  he  was  at  the  Rammelsberg  mine 
mentioned  in  the  paper,  and  he  felt  he  might  be  able  to  contribute 
something  to  the  discussion,  although  he  was  not  a  geologist. 
The  Rammelsberg  mine  had  been  the  happy  hunting-ground  of 
German  geologists  for  many  generations  and  the  problems  as  to 
how  the  ore  got  into  the  place  where  it  was  were  still  unsolved. 
The  mine  claimed  an  uninterrupted  record  of  work  since  the  year 
968,  and  Agricola  himself  in  1560  gave  an  account  of  it  in  his  works. 
The  Germans  said  that  every  two  geologists  who  examined  the 
mine  went  away  and  produced  three  entirely  new  theories  and 
even  he,  a  layman,  felt  it  his  duty  to  produce  a  new  one.  The 
Germans  were  too  poHte  to  make  any  comment  on  this,  but  the 
author  of  the  paper  must  not  allow  the  long  drawn-out  controversy 
about  Rammelsberg  to  dishearten  him  in  the  search  for  truth  about 
San  Telmo,  because  the  party  to  Germany  included  two  geologists 
of  wide  experience  who  were  now  engaged  in  producing  a  report 
which  would  be  pubUshed  in  due  course  and  which  would  prove  of 
interest  to  the  people  interested  in  these  geological  problems. 

The  San  Telmo  ore-body  showed  considerable  similarity  to 
Rammelsberg,  although  the  latter  was  much  richer.  The  Rammels- 
berg mine  contained  10  per  cent  lead,  19  per  cent  zinc,  1  per  cent 
copper,  8  per  cent  iron,  22  per  cent  sulphur,  25  per  cent  barium 
sulphate,  8  per  cent  silica,  4  per  cent  lime  and  alumina,  and  160- 
grammes  silver  and  0-8  grammes  per  ton  of  gold.  In  view  of  the 
fact  that  the  mine  was  equipped  to  recover  everything  of  value, 
including  barytes,  not  very  much  was  wasted.  He  could  confirm 
that  the  banding  of  the  lode  was  parallel  to  the  walls,  but  he  was 
not  able  to  observe  whether  the  stratification  of  the  country  rock 
was  also  parallel.  According  to  the  geological  sections  there  was 
much  folding  and  faulting  and  the  slates  were  shown  parallel  in 
some  parts,  in  others  they  were  not. 

Rammelsberg  appeared  to  dilBfer  from  the  description  on  p.  10 
given  by  the  author.  There  did  appear  to  be  a  large  deposit  which 
seemed  to  conform  to  the  planes  of  the  country  rock,  which  the 
Germans  called  Kniest.  They  described  it  as  sihceous  rock, 
containing  1'3  per  cent  copper,  1-4  per  cent  lead,  axvOi  ^  ^^x  ^viwV 
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zinc,  which  would  make  it  very  nearly  payable  ore.  It  was  80 
metres  thick  and  80  metres  from  the  lode,  but  was  not  worked  ; 
there  was  no  reason  why  it  should  be,  since  they  had  about  six 
milUon  tons  of  the  other  high-grade  ore,  which  would  last  for 
80  years.  He  did  not  think  their  British  geologists  had  found  any 
signs  of  metasomatism  in  the  ore-body,  and  there  seemed  to  be 
slbsolutely  clear-cut  lines  of  demarcation  between  the  lode  and  the 
•country  on  either  side.  Another  thing  which  the  two  ore-bodies 
had  in  common  was  that  at  Rammelsberg  they  had  two  ore- 
bodies,  just  as  there  were  at  San  Telmo,  with  much  the  same 
strike  and  dip  but  offset  en  echelon  to  one  another.  At  Rammels- 
berg the  two  ore-bodies  were  connected  by  a  large  mass,  termed 
the  *  Grey  ore-body  ',  which  consisted  mostly  of  barytes.  Owing 
to  the  existence  of  a  loop  haulage  road,  which  was  driven  round  the 
end  of  the  ore-body,  the  party  was  able  to  examine  the  line  of 
strike  when  it  extended  into  the  country,  but  could  not  see  any 
pronounced  fissure.  The  Germans  told  them  that  drill-holes 
underneath  the  bottom  limit  had  failed  to  disclose  anything  at  all, 
so  it  looked  as  if  there  were  no  fissure  coming  from  the  bottom. 

Nevertheless  this  did  not  rule  out  possibilities  of  the  ore  solutions 
having  come  from  below,  because  there  did  not  seem  to  have  been 
much  development  or  exploration  by  drives  and  cross-cuts  at 
■depth,  and  diamond  drill-holes  could  easily  have  missed  any 
*  vent '.  The  speaker  had  had  experience  in  several  mines  where 
quite  important  ore-bodies  had  apparently  been  formed  by 
solutions  which  ascended  through  quite  small  vents. 

Mr.  R.  H.  Craven  said  that  Mr.  Allan's  paper  was  an  inter- 
esting study.  He  had  endeavoured  to  digest  it  very  carefully,  as 
it  formed  an  important  addition  to  the  geological  research  work 
carried  out  with  a  view  to  explaining  the  mineral  formations 
around  th(^  Mediterranean  basin.  To  be  strictly  accurate  the 
Huelva  group  of  minerahzed  deposits  were  not  actually  on  the 
Mediterranean  coast :  however,  their  similarity  to  those  east- 
wards  were  verv  marked. 

The  limestone  rock  of  Gibraltar  was  not  really  a  geological 
division  of  the  formation  of  the  shores  of  the  inland  sea  and  the 
Atlantic;  it  must  be  looked  upon  rather  as  a  continuation  of  the 
limestone  formation  found  in  the  Mediterranean,  where  it  was 
found  in  the  promontory  of  Portofino ;  also  practically  the  whole 
of  the  railway  tunnels  on  the  Italian  Riviera  were  driven  through 
the  limestone,  though  there  were  a  few  exceptions  due  to  intrusive 
rocks.  In  certain  neighbourhoods  sandstone  was  foimd  on  the 
coast;  as  at  Sestri  Levante,  where  it  was  capped  by  a  slate 
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formation  from  which  Lavagna  and  Cavi  took  their  names.  Further 
inland  the  similarity  no  longer  continued,  and  there  were  many 
<lifference8. 

Having  made  only  short  visits  to  the  Spanish  and  Portuguese 
deposits  he  had  had  little  opportunity  of  studying  the  geological 
formation  on  the  spot.  Mr.  Allan  gave  the  information  that  the 
ore-bodies  occurred  on  the  porphyry-slate  contact  ;  the  ore  deposits 
further  east  were  chiefly  near  a  contact  between  serpentine  and 
diabase,  the  former  being  the  dominating  rock  on  the  surface. 
However,  an  important  point  was  that  both  porphyry  and  slate 
did  sometimes  exist  in  small  veins  near  to  and  even  in  contact 
with  the  masses  of  mineral,  but  what  he  wished  to  arrive  at  was  the 
way  in  which  the  hydrothermal  formation  of  copper  and  iron 
sulphide  had  been  confirmed  by  studies  carried  out  both  on  the 
surface  and  in  development  underground. 

During  some  40  years  of  intimate  connection  with  the  Libiola 
mines  (these  were  worked  by  British  capital  from  the  year  1868 
until  tragic  events  brought  about  a  break)  so  much  development 
work  was  carried  out  that  similar  conclusions  emerged  as  those 
put  forward  in  Mr.  Allan's  paper — namely,  that  the  sulphide 
solutions  found  their  way  under  pressure  into  crevices,  formed  at 
the  time  or  previously,  and  there  crystallized.  The  reason  which 
brought  about  this  train  of  thought  in  connection  with  the  eastern 
formation  was  that,  whilst  the  masses  of  ore  were  found  more  or 
less  near  the  contact  of  serpentine  and  diabase,  the  copper  sulphides 
and  iron  pyrites  were  never  found  impregnated  in  the  latter  hard 
compact  rock,  whilst  in  the  former,  being  highly  fissured,  there 
were  small  veins  of  both  sulphides  which  extended  over  a  large  area. 

Another  important  conclusion  come  to  was  that  the  two 
mineraUzed  solutions  were  deposited  and  crystaUized  at  dilferent 
periods.  The  small  mineralized  veins  formed  in  the  serpentine 
rock  were  either  copper  sulphide  or  clean  iron  p^'rites,  free  from 
impurities  such  as  zinc,  lead,  arsenic,  etc.,  though  there  were 
traces  of  gold  and  silver  in  both  cases.  The  two  sulphides  never 
appeared  to  intenningle  in  the  same  fissures  in  the  serpentine 
formation. 

Further  confirmation  was  given  to  the  theory  that  the  solution 
bearing  the  copper  followed  on  to  that  containing  the  iron  pyrites 
by  the  fact  that  copper  sulphides  were  found  embodied  in  the 
masses  of  iron  pyrites  in  crystal  form.  In  fact,  separation  of  the 
two  minerals  was  very  clearly  defined  as  a  rule  ;  by  hand  picking 
alone  clean  copper  sulphide  was  produced,  leaving  only  0-5  per 
•cent  or  less  of  copper  in  the  retaining  iron  pyrites. 
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Dr.  S.  W.  Smith  said  that  mention  had  been  made  both  ith 
the  paper  and  in  the  discussion  of  the  many  difficult  and  puzzhng: 
questions  which  arose  in  any  attempt  to  account  for  the  origin  and 
formation  of  the  pyritic  ore-bodies  of  the  Huelva  Province,  of  which 
the  San  Telmo  ore-body  was  a  particularly  interesting  example^ 
Among  those  difficulties  was  that  of  accounting  for  the  way  in 
which  many  of  those  bodies  were  said  to  terminate  or  *  cut  out " 
abruptly  in  depth.     Mr.  Varvill  had  quoted  an  example  from- 
another  field — that  of  the  famous  Eammelsberg  mass — and  Dr. 
Williams  had  shown  on  the  screen  the  hemispherical  form  of  the 
ore-body  which  had  occupied  the  8alom6n  open-cast  at  Rio  Tinto.. 
Other  examples  could  be  cited,  but  one  of  the  most  remarkable, 
as  it  appeared  to  him,  was  that  described  by  Collins*  as  occurring: 
at  the  abandoned  mine  of  Confesionarios,  in  the  Val  de  la  Musa,. 
not  very  far  away  from  the  San  Telmo  body.    According  to  his- 
description,  that  ore-body — consisting  of  very  pure  pyrites  almost 
free   from  copper — was  shaped   like  a   dumb-bell  in  a   vertical 
position,  the  lower  end,  however,  being  oval  in  section  instead  of 
circular.     No  ore  channel  was  found  beneath,  although  the  ore- 
body  was  underlain  by  *  very  poor  azufron  *.    Exploration  all 
round  its  lower  half  by  a  ring  drive  and  by  inclined  rises  put  up- 
from  below  until  they  joined  it,  failed  to  disclose  a  continuation  of 
the  ore-bodv  in  anv  lateral  direction.     The  inference  which  had 
been  drawn,  therefore,  was  that  this  dumb-bell-shaped  mass  was. 
entirely   enclosed   within   schist   walls,   although   in   fairly   close- 
proximity  to  porphyry  dykes  to  the  north  and  to  the  south  of  it — 
at  one  point  on  the  north  side  within  50  metres  or  less  of  the 
ore-bodv. 

The  speaker*s  object  in  drawing  attention  to  this  particular 
occurrence,  differing  from  the  more  usual  lenticular  forms  of  the 
ore-bodies  of  this  district,  was  to  point  to  an  analogy  between  this 
dumb-bell  shaped  mass  and  that  assumed  by  a  column  of  viscous 
and  immiscible  liquid  when  intruded  from  below  into  surroundings 
sufficiently  mobile  to  allow  it  to  acquire,  under  the  influence  of 
surface  tension,  a  form  or  shape  consistent  with  that  of  minimum- 
surface  area — namely,  that  of  a  sphere.  Such  behaviour  could 
be  readily  shown  experimentally,  since  a  cylindrical  column  of 
liquid  was  always  unstable  and  tended  to  split  up  into  globular 
masses. 

The  dumb-bell  form  of  the  Confesionarios  ore-body  suggested 
that  some  such  process  had  operated  but  had  been  arrested  at  an 
intermediate  stage  and  that  the  mass  had  been  trapped  by  con- 

*Trcins,  J.M.M.,  Vol.  XXXT,  1922,  p.  lOl,  Fig.  14. 
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solidation  while  in  the  act  of  sub-dividing  into  two  spheres.  In  the 
absence  of  any  other  adequate  explanation,  he  had  always  felt 
that  this  unusual  occurrence  was  a  '  free  gift '  to  those  who  favoured 
the  magmatic  injection  theory  of  the  origin  of  these  pyritic  bodies 
and  might  be  regarded  as  a  case  where  the  more  common  lenticular 
form  had  not  been  assumed.  It  was  conceivable  that  under 
lateral  pressure  this  particular  ore-body  might  have  been  resolved 
into  two  lenticular  masses,  en  echelon,  an  occurrence  not  uncommon 
in  this  field. 

Owing  to  the  lateness  of  the  hour  the  President  asked  other 
members  who  wished  to  contribute  to  the  discussion  to  send  in 
their  remarks  in  writing.  Although  perhaps  no  satisfactory 
conclusions  had  been  arrived  at  as  regards  the  mode  of  origin  of 
these  ore-bodies,  the  discussion  had  been  most  interesting  and  he 
was  sure  it  would  be  the  wish  of  the  meeting  to  pass  a  hearty  vote 
of  thanks  to  Mr.  Allan  for  his  paper.  This  was  carried  by 
acclamation. 
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J.  C.  Allah  i    Tin  San  Telmo  Ore-Body,  Spain. 


(1-iii.  hont  tcflt-tubOB) 
— B&ndN  of  mAgiiOHJuni  hydtoxido  in  f)  per  cotit  golatino  gol. 


(1  in.  bore  test-tuboB^ 
Ito.  7. — Btuide  of  calcium  hydrophoephate  in  5  pet  oent  (sa\«Avno  ^. 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY. 

The  InBtitution  as  a  body  Is  not  responsible  for  the  statements  made 
or  opinions  expressed  In  any  of  Its  pnblloations. 

SIXTH    ORDINARY    GENERAL    MEETING 

OF    THE 

FIFTY-FIFTH     SESSION. 

fleld  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

Piccadilly,  W.l, 

ON 

Thursday,  March  2l8t,  1946. 

Mr.  G.  F.  Laycock,  President^  in  the  Chair. 


DISCUSSION 

ON 

A  Study  of  Sizing  Analysis  by  Sieving 

AND 

A  Comparison  of  Methods  of  Measuring 
Microscopical  Particles. 

By  Harold  Heywood,  Ph.D.,  M.Sc,  A.C.G.I.,  M.I.  Mech.E. 

AND 

Application  of  Sizing  Analysis  to  Mill  Practice. 

By  Harold  Heywood  and  E.  J.  Pryor,  Member. 


Dr.  Heywood,  in  introducing  the  two  first  paper^,  said  that 
developments  in  methods  of  measuring  particle  size  had  progressed 
rapidly  in  recent  years,  many  complex  physical  phenomena  heing 
involved  in  efforts  to  determine  the  size  of  minute  bodies.  This 
rapid  advance  might  be  a  cause  of  some  bewilderment  to  those 
concerned  in  the  practical  applications  of  powdered  materials  and 
it  would  seem  advisable  to  estabUsh  as  early  as  possible  the  basic 
principles  of  well-known  methods  of  particle-size  measurement 
and  to  standardize  these  as  far  as  possible.  The  papers  on  sieving 
analysis  and  on  microscopical  measurement  of  particles  had  been 
presented  to  the  Institution  with  this  object  and  he  desired  to 
express  his  appreciation  of  the  privilege  of  being  able  to  discuss 
the  subject  before  an  Institution  that  had  already  done  so  much 
to  promote  the  study  of  particle-size  measurement  as  apphed  to 
mining. 

The  two  main  factors  involved  in  sieving  analyses  were  the 
standardization  of  the  sieve  cloth  and  of  the  method  of  conducting 
the  analysis.     The  Institution  of  Mining  and  Metalliiig;^  \>c>q>e.  ^ 
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leading  part  by  standardizing  a  sieve  series  in  1907  and  was 
followed  by  other  countries ;  the  British  Standards  Institution 
published  a  standard  sieve  series  in  1981  and  a  revised  specification 
in  1943.  The  tolerances  in  sieve  specifications  were  now  reduced 
to  the  minimum  commensurate  with  the  practical  accuracy  of 
weaving  and  further  improvements  in  the  technique  of  sieving 
could  only  be  attained  by  standardization  of  the  method  of  con- 
ducting the  analysis.  Since  sieving  was  a  statistical  process  and 
there  was  always  an  element  of  chance  whether  a  '  near  mesh ' 
particle  would  or  would  not  pass  the  apertures  the  *  end  point  * 
could  only  be  defined  by  the  adoption  of  a  convention — such  as  a 
specified  time  or  rate  of  sieving.  The  element  of  chance  was 
increased  with  irregularly-shaped  particles,  for  flakes  would  pass 
diagonally  through  a  square  aperture  if  favourably  presented.  Thus 
the  apparent  size  under  the  microscope  of  particles  that  just  passed 
a  given  size  of  aperture  varied  according  to  the  shape,  as  shown  by 
lantern  slides  of  10-mesh  particles  which  were  projected.  Con- 
sideration must  also  be  given  to  the  different  characteristics  of 
wet  and  dry  sieving ;  data  had  been  given  in  the  paper  showing 
the  extent  to  which  fine  dust  adhered  to  the  coarser  particles  even 
after  prolonged  dry  sieving  and  photographs  taken  subsequently 
showed  this  efifect  very  clearly. 

In  spite  of  all  care  in  the  manufacture  of  sieve  cloth  and  in 
standardizing  the  method  of  sieving,  there  might  still  be  a  dis- 
crepancy between  sieving  analyses  made  on  the  same  material 
with  different  sieves  having  the  same  nominal  apertures.  This 
might  have  important  consequences  in  research  work  or  in  the 
purchase  of  powdered  materials  to  close  specification  and  the 
disparity  could  only  be  avoided  by  a  comparative  sieving  test  with 
the  sieves  concerned.  An  instance  of  this  arose  in  a  co-operative 
research  on  coal  grinding  and  in  order  to  correlate  the  results 
obtained  at  seven  different  laboratories  a  system  of  aperture 
corrections  was  devised.  He  had  endeavoured  to  describe  clearly 
in  the  paper  the  method  of  determining  these  corrections  and  time 
did  not  permit  further  description,  but  the  essential  principle 
was  shoiivTi  by  Fig.  5.  For  a  particular  aperture  error  between  two 
sieves  the  residue  or  weight  correction  would  vary  according  to 
the  fineness  of  the  powder  concerned  and  thus  it  was  preferable  to 
apply  aperture  corrections  rather  than  residue  corrections.  Table 
VIII  formed  a  summary  of  this  section  of  the  paper,  the  figures 
given  being  regarded  as  a  measure  of  the  relative  error  to  be  expected 
for  different  conditions  of  sieving. 

To  turn  to  the  second  paper :  Microscopical  measurement  over  a 
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wide  range  of  particle  size  was  a  laborious  process  and  other 
methods  of  size  determination  should  if  possible  be  used.  Neverthe* 
less  there  were  occasions — such  as  when  only  a  minute  sample  of 
dust  was  available— when  there  was  no  alternative  to  its.  use.  It 
should  be  emphasized  that  this  paper  dealt  only  with  the  various 
methods  of  assessing  size  and  not  with  the  manipulation  of  the 
optical  components  of  the  microscope.  The  graticule  introduced 
by  Patterson  and  Cawood  was  most  frequently  used  for  measure- 
ment by  visual  examination  under  the  microscope,  although 
modifications  of  the  design  had  recently  been  proposed.  It  was 
perhaps  more  convenient  to  use  a  statistical  diameter  to  represent 
the  size  of  particle  images  enlarged  and  projected  on  a  screen. 
Such  statistical  diameters  had  been  defined  by  Green,  Martin,  and 
Eeret  and  were  illustrated  in  Fig.  8  of  the  paper.  Statistical 
measurements  could  not  be  applied  to  individual  particles  and  only 
had  a  real  meaning  when  considered  as  the  average  of  a  large 
number  of  measurements. 

In  the  research  described  comparative  measurements  were  made 
on  photographically-reproduced  profiles  and  the  results  were 
summarized  in  Table  III.  The  conclusions  were  that  there  was  a 
tendency  to  over-estimate  sizes  with  the  graticule  system  of 
comparison,  although  for  practised  observers  the  error  was  small ; 
that  the  average  of  Martin's  statistical  diameter  was  sUghtly  less 
than  the  true  projected  size  of  the  particles  ;  and  that  the  statistical 
diameter  defined  by  Feret  was  considerably  too  high  and  was  not 
recommended.  The  latter  point  was  not  merely  of  academic 
interest,  for  the  graticule  recently  proposed  by  K.  R.  May  involved 
the  use  of  this  method. 

It  was  considered  that  the  data  presented  in  the  papers  showed 
rthat  some  measure  of  standardization  might  be  attained  in  the 
size  analysis  of  particles  by  sieving  and  by  microscopical  measure- 
ment. While  rigorous  standardization  could  not  be  appUed  in  all 
cases  it  would  seem  feasible  to  issue  guidance  in  such  matters  as 
weight  of  sample  and  time  of  sieving,  the  methods  to  be  adopted 
for  wet  and  dry  sieving,  and  the  correlation  of  analyses.  For 
microscopical  measurement  the  graticule  comparison  method  or  the 
average  of  statistical  intercept  diameters  were  equally  within  the 
required  limits  of  practical  accuracy.  Standardization  of  these 
established  methods  of  particle  size  measurement  would  leave  the 
way  open  for  an  attack  on  the  much  more  difficult  problem  of 
standardizing  the  methods  of  sub-sieve  particle  size  analysis 
mentioned  in  the  joint  paper  by  Mr.  Pryor  and  himself,  the  third 
paper  under  discussion. 
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Mr.  E.  J.  Pryor  introduced  the  third  paper  by  suggesting 
that  mineral  dressing  had  for  some  decades  been  emerging  from  an 
art  to  a  science.  There  was  increasing  predictability  in  its  applica- 
tion, although  they  were  not  yet  able  to  say  without  first  testing 
an  ore  that  a  given  method  of  treatment  would  succeed  at  one 
mine  because  the  same  ore  had  responded  to  this  treatment  else- 
where. When  they  were  able  to  predict  the  behaviour  of  an  ore 
after  studying  its  chemical  analysis  and  its  structural  interlock 
the  '  art  *  of  ore-dressing  would  have  been  replaced  by  its  science. 

In  struggling  toward  this  goal  the  behaviour  of  ore  during 
crushing  and  fine  grinding  had  received  much  attention,  since  it 
had  shown  itself  to  be  a  major  factor  in  the  treatment  of  ores  by 
modern  methods.  No  satisfactory  index  of  gnndabiUty  had  thus 
far  gained  general  acceptance,  since  small  changes  in  the  assay- 
values  and  in  crystal  interlock  set  up  changes  in  grinding-response 
which  were  too  variable  to  allow  of  simple  tabulation.  Technically, 
grinding  was  very  important  in  connection  with  product  control, 
whether  that  product  was  to  be  a  selected  fraction  of  an  ore  intended 
for  sale  to  a  smelter  in  a  definite  state  of  purity,  or  concerned 
primarily  with  the  production  of  graded  sizes  of  finished  material. 
Economically  grinding  was  important  because  it  was  an  expensive 
process,  which  must  be  performed,  but  which  must  be  carried 
through  as  cheaply  as  possible.  Somewhere  an  optimum  must  be 
agreed  between  the  technologist  who  insisted  on  adequate  liberation 
of  his  values  and  the  accountant  who  must  watch  the  cost. 

*  Good  grinding '  was  grinding  which  processed  its  raw  material 
to  an  economic  optimum — balancing  cost,  recovery,  and  value  of 
product.  It  was  the  result  of  careful  control  in  the  mill  of  the 
right  machinery  by  a  reasonably -skilful  operator,  backed  by  first- 
class  sampling  and  systematic  use  of  the  information  given  by 
sizing  analyses  made  on  the  mill  samples.  In  most  mills  this 
control  was  taken  down  to  the  mimLS  200-mesh  point  and  left  there. 
Increasingly  during  the  past  few  years  sub-sieve  routine  checking 
had  been  applied  in  concentrators  dealing  with  complex  problems, 
while  on  the  research  side  of  the  industrv  one  could  sav,  with 
reference  to  particle  size,  that  more  and  more  attention  was  being 
paid  to  less  and  less. 

The  amount  of  surface  exposed  in  an  ore-pulp  was  a  very  im- 
portant factor  in  its  behaviour.  They  might  consider,  for  example, 
its  response  to  gravity  when  finely  j^round.  The  forces  inducing 
solids  to  settle  through  water  were  gravitational  ;  those  opposing 
settlement  were  frictional.  Hence,  the  greater  the  amount  of 
total  surface  developed  in  unit  volume  of  pulp  the  greater  the  total 
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resistance  to  settlement.  One  practical  application  of  this  effect 
was  in  the  preparation  of  heavy  media  for  the  sink-float  process, 
where  stabiUty  of  the  separating  medium  was  affected  by  the 
relation  between  coarser  and  finer  particles  used.  Others  influenced 
the  work  done  in  ball-mills,  classifiers,  and  pulp-transporting 
systems. 

Again  they  might  consider  the  question  of  grinding  for  flotation 
— a  process  beUeved  to  enter  into  some  90  per  cent  of  present-day 
concentrating  flow-sheets.  It  was  customary  to  measure  chemicals 
— such  as,  for  example,  the  collector  reagent — into  the  pulp  with 
fair  precision,  so  that  some  such  quantity  as  0*1  lb.  of,  say,  xanthate, 
was  pres.ent  per  ton  of  ground  soUd.  This  xanthate  was  carried 
in  the  fonn  of  molecules,  of  which  a  definite  number  were  available 
for  coating  the  selected  mineral  particles.  By  the  nature  of  all 
chemical  reaction  there  must  be  some  sort  of  minimum  strength 
below  which  reaction  would  become  unsatisfactory.  If  they 
failed  to  control  the  mineral  surface  it  was  useless  to  add  their 
0*1  Ib./ton  and  to  expect  consistent  results.  Table  V  showed  how 
many  molecules  of  xanthate  were  available  per  square  millimicron 

Table  V 

MOLECUUES   PBB  SQUABB  MiLLIMZCBON   OF   SUBFACB 

Number  available  in  pulp,  calculated  for  0*1  lb.  of  potasaium  ethyl 
xanthate  per  ton  of  banket  ore  at  S.G.  of  2*73.     Formula : 

J 4196  X  10* 

Molecule«//*tt    -  ^^^^  .^  ^  cm. /gram.  (Table  I,  col.  11). 
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of  ore  surface.  It  ignored  the  qaestion  of  percentage  of  selected 
mineral  in  tlje  total  solid  and  of  dispersion  of  those  molecules  due 
to  pulp  dilution.  Table  V  showed  that  while  at  200-me8h  five 
molecules,  totalling  an  area  of  at  least  1  fifi^,  were  available  for  each 
fifi^  of  surface  present,  at  a  five-micron  grind  only  half  a  molecule 
was  available,  to  cover  at  most  some  10  per  cent  of  each  ft/n*.  With 
a  high-grade  ore  carrying  easily-slimed  sulphides  such  a  pulp 
would  be  in  danger  of  collector  starvation.  The  calculation  showed 
an  important  relationship  between  development  of  solid  surface 
and  chemical  dosage. 

In  the  technology  of  powder  metallurgy  the  total  isurf ace  affected 
the  flow  of  material  during  hydraulic  compaction.  Other  apphca- 
tions  were  connected  with  the  study  of  silicosis,  with  explosive 
dusts,  powdered  fuels,  and  powdered  catalysts.  The  paper  sought 
to  put  on  record  some  data  on  size  and  shape  which  might  be  of 
help  in  the  study  of  particles  as  they  affected  the  surface-physics 
and  surface-chemistry  of  technical  control  in  modem  industry. 

Kr.  R.  L.  Brown*  said  that  he  was  fortunate  enough  to 
have  been  associated  with  Dr.  Heywoo'd  some  years  ago  and  had 
always  appreciated  Dr.  Hey  wood's  efforts  to  establish  a  firm  basis 
for  size  determination.  In  work  undertaken  in  coal  breaking, 
involving  detailed  size  analyses,  there  appeared  to  be  a  great  need 
for  standardization  of  the  method  of  sampling  and  the  method  of 
carrying  out  sieving  tests.  A  British  Standard,  No.  1298,  had  now 
appeared  for  large  material  and  it  was  to  be  hoped  that  steps  would 
be  taken  for  extending  this  standardization  to  the  finer  sizes. 

Mr.  O.  N.  Daviesf  desired  to  raise  a  point  in  connection  with 
the  joint  paper  by  Dr.  Hey  wood  and  Mr.  Pry  or  in  which  the  waste 
of  power  due  to  overgrinding  was  discussed.  He  wondered  if 
that  was  really  related  to  the  surface  area  of  the  unwanted  fine 
particles  ;  whether  Rittinger's  law  was  valid  or  not.  It  seemed 
to  him  that  the  efficiency  of  grinding  was  so  very  low  that  the 
establishment  of  a  large  tail  of  fine  particles  was  not  the  important 
thing.  Rather  did  it  seem  to  be  a  function  of  the  time  for  which 
it  was  necessary  to  operate  the  mill  in  order  that  the  last  big 
particle  might  be  broken  into  small  enough  pieces  to  pass  through 
the  mesh.  That  obviouslv  brought  in  not  so  much  the  fundamental 
question  of  surface  activity  as  the  question  of  statistics  and  pro- 
bability in  the  design  of  the  mill  and  he  thought  that  the  low 
efficiency  of  mills  pointed  in  the  direction  of  that  being  the  important 
factor  rather  than  the  applicability  of  Rittinger's  law,  which  no 

^British  Colliery  Owners  Research  Association. 
t  JnduBtrial  Health  Research  Board,  Medical  Research  Counci]. 


SIZIKQ   ANALYSIS   AND  MILL  PRACTICE — JOINT  DISC.      26 

doubt  was  valid  for  the  shattering  of  iudividual  particles,  but 
ceased  to  be  important  when  taking.?  the  operation  of  the  mill  as 
a  whole. 

They  came  up  against  the  same  problem  in  the  atomization  of 
liquids  by  means  of  sprays,  because  there  it  was  necessary  to 
impart  a  considerable  amount  of  kinetic  energy  to  the  liquid, 
and  the  work  done  in  operating  the  spray  was  dissipated,  the 
active  contribution  to  the  surface  tension  or  energy  being  quite 
a  small  proportion — 1  or  2  per  cent,  or  even  less  in  some  cases. 

Dr.  M.  L.  Smith*  said  that  in  his  second  paper  Dr.  Heywood 
had  shown  that  observers  consistently  over-estimated  particle 
size  in  visual  comparison  with  opaque  circles.  As  this  was  a 
matter  of  great  significance  in  microscopic  size  analysis  some  tests 
had  been  carried  out  during  the  past  few  months,  using  test  cards 
with  particle  profiles  on  the  lines  of  Pig.  2  of  the  paper.  These 
cards  had  been  kindly  provided  by  Dr.  Heywood. 

In  applying  the  test  the  observer  first  sized  about  70  profiles  by 
eye-comparison,  then  was  allowed  to  study  the  key,  and  then 
tried  a  second  card  with  a  further  70  profiles.  The  results  were 
plotted  as  frequency  curves  and  the  50  per  cent  point  used  for 
comparison  as  a  measure  of  the  personal  error.  The  observers 
tested  (14  in  all)  over-estimated  the  particle  areas  by  5  to  20  per  cent, 
the  experienced  people  having  a  tendency  to  the  lower  score.  There 
were  large  differences  between  different  observers,  both  in  respect 
of  their  initial  facility  and  the  improvement  after  examination 
of  the  key,  and  this  suggested  that  only  a  proportion  of  people 
would  be  found  to  be  really  satisfactory  for  counting  tests.  Use 
of  such  test  cards  was  recommended  both  for  training  people  in 
accurate  size  assessment  in  counting  and  for  selection  of  people 
for  that  job. 

In  a  written  addition  to  his  remarks  Dr.  Smith  savs  :  In  the 
paper  *  Sizing  Analysis  by  Sieving  '  Dr.  Heywood  has  abundantly 
emphasized  the  need  for  a  fundamental  approach  to  the  problem. 
Although  sieving  is  a  common  procedure  both  for  routine  labora- 
tory testing  and  for  pretreatment  of  samples  for  sub-sieve  size 
analysis,  insufficient  care  is  usually  taken  in  laying  down  the 
conditions  ;  standardisation  of  sieving  procedures  for  the  testing 
of  the  common  powdered  materials  of  industry  is  urgently  needed. 
Such  standardized  procedures  should  be  framed  to  suit  the  special 
particle  properties  of  the  materials  and  cover  the  details  of  the 
method,  type  of  equipment  used,  and  upkeep  of  sieves. 

♦Material  Research  Laboratory,  Philip's  Lami^,  \Ad. 
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Dr.  Hejrwood  said,  in  reply,  that  he  was  glad  to  find  that 
Dr.  Brown  supported  him  on  this  question  of  standardization  and 
that  he  had  found  the  method  of  correcting  sieves  of  use  in  his 
researches.  Such  a  method  he  thought  would  also  be  very  useful 
in  many  other  investigations.  Mr.  Davies  had  questioned  Mr. 
Pryor*8  remark  on  grinding.  He  did  not  know  whether  Mr.  Pryor 
would  care  to  answer  the  point  for  himself,  but  there  was  another 
paper  to  be  taken  later  in  the  same  meeting  in  which  Rittinger^s 
law  would  come  up  for  discussion. 

He  had  been  very  much  interested  in  Dr.  Sufiith's  use  of  the 
test  profiles  for  training  operators.  In  the  paper  he  had  not,  of 
course,  given  any  clue  to  the  names  of  the  observers  who  had 
kindly  co-operated  but  he  thought  he  might  declare  the  name  of 
the  *  prize  winner  \  This  was  Mr.  G.  L.  Fairs,  of  Imperial  Chemical 
Industries,  who  had  a  great  deal  of  experience  in  the  subject, 
which  showed  that  practice  did  make  for  perfection  in  this  particular 
line  of  work.  He  himself  was  well  down  on  the  Ust.  It  was  very 
curious  how  different  people  reacted  to  these  tests ;  if  a  wrong 
start  were  made  the  individual  continued  on  that  scale.  Most 
of  the  observers  overestimated  quite  considerably,  but  he  might 
add  that  Mrs.  Heywood,  who  had  made  very  close  estimates, 
had  a  considerable  knowledge  of  drawing  and  judging  perspective, 
as  well  as  experience  in  the  use  of  the  microscope.  Skill  in  drawing 
might  be  a  useful  trait  in  selecting  people  for  this  sort  of  work.  On 
the  whole,  he  thought  that  the  recording  of  microscopical  measure- 
ments should  be  restricted  to  a  minimum,  for  it  was  no  job  for  a 
human  being  at  all. 

Mr.  E.  J.  Pryor  said  that  he  thought  he  would  Uke  to  study 
the  point  raised  by  Mr.  Davies  before  he  replied,  but  his  account 
had  related  entirely  to  closed-circuit  work. 

On  the  motion  of  the  President  a  hearty  vote  of  thanks  was 
accorded  to  the  authors  of  the  three  papers. 


CONTRIBUTED  REMARKS. 

Dr.  Marcus  Praser* :  I  have  read  through  the  three  papers 
with  interest  and  am  glad  to  note  the  careful  work  which  has  been 
put  into  them.  One  of  the  most  disturbing  points  about  the  use 
of  sieves  is  the  wide  tolerance  permitted  in  the  aperture  sizes  and 
one  feels  inclined  to  wonder  whether  the  acme  of  perfection  has 
yet  been  reached  in  their  construction. 

•Director,  British  Pottery  Research  Amociation. 
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The  pottery  indiAtry  is  mainly  concerned  with  materials  which 
have  been  reduced  by  nature  to  a  fine  state  of  division.  The 
particle  shape  of  these  materials  seems  to  depart  widely  from  the 
shapes  found  J^y  the  author  to  be  characteristic  of  many  artificially- 
crushed  materials.  In  particular  one  dimension  is  usually  very 
much  smaller  than  the  other  two ;  in  other  words  they  are  very 
thin  plates.  For  these  materials  the  attempt  to  deduce  equivalent 
sieve  sizes  from  sedimentation  rates  may  lead  to  the  formation 
of  mental  images  which  are  far  removed  from  reality.  Apart  from 
this  special  case,  is  it  really  wise  to  depart  from  the  simplicity  and 
convenience  of  the  geometrical  series  for  sieve  sizes,  which  con- 
stitutes the  great  advantage  of  the  B.S.  and  similar  systems  over 
earlier  ones?  Even  as  a  mnemonic  the  suggestion  in  Table  IV  of 
the  paper  dealing  with  mill  practice  may  have  its  pitfaUs. 

Dr.  H.  E.  RoBe*^ :  These  papers  by  Dr.  Hey  wood  are  a  valuable 
contribution  to  the  literature  on  the  subject  of  powder  size 
measurement,  since  accurate  experiment  is  the  basis  of  advance- 
ment of  all  scientific  knowledge.  The  paper  on  *  A  Comparison  of 
Methods  of  Measuring  Microscopical  Particles  *  is  particularly 
gratifying  to  the  writer,  because,  as  far  as  he  knows,  the  first 
suggestion  that  biased  errors  occur  in  the  microscopical  estimation 
of  powders  was  made  in  his  M.Sc.  Thesis  and  it  was  Dr.  Heywood 
who  suggested  '  Powder  Size  Measurement '  as  the  subject  for 
that  research. 

Two  conclusions  from  the  writer's  prelimhiary  investigations 
liave  been  confirmed  by  Dr.  Heywood  :  (a)  A  definite  tendency  to 
overestimate  the  size  of  the  circle  intended  to  match  an  irregular 
area,  and  (6)  when  transparent  circles  are  used  as  the  '  scale  *  there 
is  a  definite  tendency  to  increased  error  with  increasing  elongation 
ratio  (the  present  writer  did  not  study  the  errors  involved  in  the 
matching  of  opaque  circles). 

These  earlier  experiments  showed  that  the  error  varies  with  the 
triangle  shape,  decreasing  in  the  order  scalene,  isosceles,  equilateral 
— that  is,  with  increasing  symmetry.  For  the  rectangles,  all  of 
which  are  equally  symmetrical,  the  errors  are  much  less  than  for 
the  triangles  and  although  there  was  a  tendency  for  the  error  to 
increase  with  elongation  ratio  the  correlation  is  not  very  marked 
for  values  of  elongation  ratio  varying  between  1  to  1  and  4  to  1. 
Perhaps  Dr.  Heywood  could  give  an  opinion  as  to  whether  the 
error  is  mainly  dependent  on  the  symmetry  of  the  particle  or  upon 
the  elongation  ratio. 

The  experiments  of  Dr.  Heywood,  and  those  of  the  precmiiti 
*tlngineeriiig  Dept.,  King's  CoUege»  liondoii. 
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writer,  relate  to  a  special,  and  rather  limited,  aspect  of  the 
extreiaely-compUcated  problem  of  the  errors  in  observations  made 
under  imnatural  conditions  and  it  must  be  admitted  that  the 
experiments  of  both  workers  are  open  to  the  criticism  that  although 
the  results  are  intended  to  be  applicable  to  observations  made 
through  a  microscope  one  of  the  most  disturbing  factors — the  hard 
black  ring  limiting  the  field  of  view  of  the  instrument — ^has  been 
eliminated  from  these  tests.  However,  the  present  experiments 
are  the  first  step  in  the  more  complete  investigation  and  the  above 
objection  could  be  met  by  experiments  using  a  series  of  fine  powders 
under  the  microscope  and  comparison  of  visual  estimation  with 
the  results  of  measurements  of  photomicrographs. 

The  theory  of  errors  arising  from  disturbances  of  the  observer 
by  the  instrument  and  conditions  of  observation  are  discussed  by 
Whitehead*  and  he  quotes  an  example  which  will  repay  repeating 
here,  as  it  well  illustrates  the  effects  of  these  disturbing  conditions. 
A  range-finder  was  developed  comprising  a  pair  of  binoculars  into 
which  are  fitted  sliding  graticules  bearing  black  triangular  indexes. 
In  use  the  graticules  are  adjusted  until  the  triangles  '  fuse '  over 
the  object  being  ranged  and  the  range  is  then  read  from  a  drum 
attached  to  the  screw  adjusting  the  parallax  of  the  indexes.  The 
theory  is  quite  sound,  but  in  practice  only  about  6  per  cent  of  the 
observers  could  use  the  instrument  with  anv  success.  The  reason 
is  probably  that  a  number  of  unnatural  conditions  caused  any  but 
the  strongest  mind  to  revolt  and  to  cease  to  make  an  effort  to 
cause  the  indexes  to  *  fuse  *.  these  disturbing  conditions  being  the 
rings  limiting  the  field  of  view  :  the  *  mysterious  *  property  of  the 
indexes,  which  appeared  as  *  kites  *  which  were  capable  of  retaining 
the  same  apparent  size  as  they  approached  to  1,000  yards  or 
receded  to  20  miles  from  the  observer  (this  *  property  '  would 
require  that  the  *  kites  *  had  the  highh'  unusual  capacity  of 
increasing  in  real  size  as  they  receded)  and  also  the  property  of 
remaining  intensely  black  as  their  apparent  distance  changed 
without  showing  the  haze  usually  associated  with  increasing 
distance.  In  view  of  this  example  of  the  effects  of  conditions 
under  which  observation  is  made  it  is  evident  that  the  greatest 
care  should  be  taken  in  comparing  the  results  of  tests  made  under 
different  conditions. 

The  tests  of  Dr.  Hevwood  relate  to  the  characteristics  of  flat 
surfaces  lying  parallel  to  a  plane,  but  the  analysis  of  a  real  powder 
is  a  three-dimensional  problem,  so  that  further  research  into  the 

* Whitkhbad.  T.  N.  'The  Design  and  I'se  of  Instmmenta  and' Accurate 
MechanioDB  \ 
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problem  of  the  orientation  of  irregular  particles  upon  the  micro- 
scope slide  is  necessary — for  instance,  flaky  particles  will  have  a 
high  probabihty  of  settling  flat  on  the  slide,  while  well-rounded 
particles  will  have  practically  a  random  orientation.  This  problem 
would  appear  to  be  further  complicated  by  the  fact  that  the 
orientation  will  be  related  to  the  technique  of  mounting  the 
powder. 

The  comparison  of  the  errors  involved  in  the  assessment  of  the 
statistical  diameters  of  Feret  and  Martin  is  extremely  interesting, 
especially  as,  at  first  sight,  the  two  methods  of  measurement  would 
appear  to  be  almost  identical,  and  these  results  emphasize  the  need 
for  mathematical  analysis  of  any  problem  wherever  possible. 
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Crushing  and  Qrinding  Efficiencies. 

By  T.  K.  Prentice,  Member^ 

The  President  said  that  the  next  paper,  by  Mr.  Prentice, 
^vas  l>eing  presented  for  simultaneous  discussion  b\^  the  Chemical, 
^letallurgical,  and  Mining  Society  of  South  Africa  and  the  Institu- 
tion. It  was  a  most  important  paper,  on  a  subject  of  great  interest 
to  all  engineers,  and  he  was  sure  that  it  would  lead  to  a  very  fruitful 
discussion.  The  author,  who  was  in  South  Africa,  was  unable  to 
present  his  paper  in  person.  In  his  absence  Professor  Tniscott 
liad  kindly  consented  to  introduce  it. 

Professor  S.   J.   Tniscott,    in  introducing  the  paper,  said 

they  would  all  regret  that  the  author  was  not  there  himself  to 

jiresent  it ;  he  was  on  duty  at  Johannesburg,  yet  they  must  feel 

•complimented  that  he  should  desire  to  have  their  opinion  and  their 

^contribution  in  this  important  matter. 

For  his  own  part  the  pleasant  task  of  opening  the  discussion  gave 
him  some  concern  on  two  grounds.  He  was  concerned  that  he 
might  fail  to  do  justice  to  the  author  because  his  own  activity 
in  the  subject  belonged  rather  to  the  past,  whereas  the  author 
was  both  active  and  eminent  in  the  present.  Then,  years  ago 
now.*  he  had  connnitted  himself  to  a  view^  contrarv  to  that  the 
author  was  sustaining.  Subsequently,  it  was  true,  a  research 
student,  under  his  supervision  and  at  his  suggestion,  had  carried 
<jut  some  systematic  research  on  this  subject,  coming  to  the  con- 
-clusion  that  Rittinger's  law,  which  the  author  favoured,  w^as  more 
x-losely  allied  to  the  facts.  He  had  c<»nnnunicated  that  conclusion 
iu  the  author  after  a  preliminary  reading  of  the  paper  as  it  gave 
him,  the  speaker,  the  cover  for  any  necessary  retreat  from  his 
previous  position. 

In  the  paper  now  presented  the  author  started  with  a  Summary  ; 
it  was  a  little  unusual  to  start  with  a  summarv,  but  he  believed 
it   was   a   reconnnendation   of   the    Chemical,   Metallurgical,   and 

♦*  Text-Book  of  Ore  Dressing  *,  1923,  pp.  1%2-\M. 
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Mining  Society  of  South  Africa.  In  that  summary  the  author 
remarked  that  evidence  would  be  submitted  supporting  the  increas* 
ingly  growing  behef  that  the  energy  absorbed  in  crushing  and 
grinding  was  directly  proportional  to  the  new  surface  area  produced 
in  the  material  being  comminuted.  He  stressed  the  word  *  sub- 
mitted '  because  it  revealed  the  author's  modest  attitude  through- 
out. Eecognizing,  however,  that  the  fact  that  deformation  of  rock 
under  compression  up  to  the  point  of  fracture  was  approximately 
proportional  to  the  volume  of  the  rock  did  not  easily  conform  with 
the  finding  that  the  energy  absorbed  in  achieving  comminution 
was  directly  proportional  to  the  new  surface  produced,  all  the^ 
data  in  connection  with  the  experimental  tests  were  submitted  in 
some  detail ;  the  author  stated,  moreover,  that  he  might  have- 
erred  in  some  of  his  deductions.  In  advancing  deductions  of  oppo- 
site tendency  he,  the  speaker,  desired  to  do  so  in  the  same  tentative- 
manner. 

In  the  Introduction  the  author  made  it  clear  that  the  matter  of 
the  paper  was  that  of  mechanical  efficiency,  not  the  metallurgical. 
There  was  no  other  way  of  ascertaining  the  mechanical  efficiency 
than  by  taking  the  power  input  and  the  mechanical  value  of  the 
product.  Estimates  of  this  mechanical  efficiency  had  ranged 
widely.  Figures  were  given  as  low  as  less  than  1  per  cent  and  others 
up  to  45  per  cent.  That  disagreement  was  a  challenge.  First 
of  all  it  was  necessary  to  ascertain  particle  size.  In  Table  I 
the  author  gave  the  theoretical  surface  area  of  a  given  weight  of 
pulp,  calculated  from  its  screening  analysis.  He  centered  his 
considerations  around  the  cubic  particle,  but  the  same  results 
would  have  been  obtained  had  he  used  the  spherical  particle.  Then 
he  went  on  to  enumerate  wavs  bv  which  the  surface  area  niiuht  be 
obtained  directly — namely,  bv  the  dissolution  method,  the  penne- 
ability  method,  and  by  others. 

Table  II  gave  a  yery  useful  comparison  between  the  theoretical 
surface  area  and  the  surface  area  obtained  in  different  wavs  directlv.. 
This  comparison  showed  that  the  dissolution  method  using  hydro- 
fluoric acid  gave  the  highest  multiple  of  the  theoretical  surface. 
He  then  described  the  particular  methods  adopted  in  the  Rand 
Mines  laboratory,  and  their  range  of  apphcation. 

Coming  to  the  Theory  of  Crushing  and  Grinding,  the  author 
started  with  live  wavs  in  which  rock  niidit  be  broken  bv  the 
application  of  force.  The  lirst  of  these  was  impact.  He.  the 
speaker,  took  it  that  impact  was  the  most  important  application 
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of  force  in  comminution.  Next  came  shear,  which  also  was 
important.  The  third  was  bending.  Bending,  the  speaker  thought, 
was  really  not  applicable  to  material,  it  was  applicable  rather  to  a 
structural  member.  What  was  important  in  bending  was  that 
tension  came  in.  In  the  case  of  rock,  the  tensile  strength  being 
very  low,  the  material  gave  way  to  tension.  The  next  application, 
namely,  compression,  meant  here  the  relatively  slow  application 
of  pressure. 

Then  the  author  went  on  to  speak  about  the  useful  work  in 
crushing  and  he  attributed  the  differences  in  efficiency  estimates 
largely  to  the  fact  that  those  who  had  credited  crushing  with  the 
lowest  efficiency  had  counted  the  surface  energy  in  the  crushed 
mass  alone  as  representing  the  work  done.  The  author  rightly 
insisted  that  not  only  did  this  surface  energy  count,  but  also  the 
much  larger  amount  of  energy  represented  by  deformation  prior 
to  fracture.  Fracture  followed  only  if  the  material  had  been  strained 
to  and  beyond  the  limit,  and  the  energy  which  went  into  that  strain 
must  be  counted  as  part  of  the  useful  work  done.  Fracture  was 
the  end  result. 

A  useful  summary  of  Bittinger's  law  was  then  given — ^namely, 
that  the  energy  required  for  crushing  was  proportional  to  the  new 
surface  formed ;  and  of  Kick's  postulate  that  the  energy  required 
for  producing  analogous  changes  of  configuration  of  geometrically 
similar  bodies  of  equal  technological  state  varied  as  the  volumes 
or  weights  of  those  bodies.  *  Kick,  so  far  as  he,  the  speaker,  knew, 
did  not  go  as  far  as  fracture.  He  kept  within  the  elastic  limit 
throughout.  The  first  man  to  introduce  the  idea  that  Kick's  law 
extended  to  fracture  was  apparently  Stadler,  in  Johannesburg  in 
1908  or  thereabouts.  With  such  a  material  as  rock,  there  being 
no  yield  point  as  there  was  with  metal,  elastic  strain  passed  without 
interval  to  fracture.  The  author  was  careful  to  say,  *  From  this 
it  is  deduced  ',  not  that  Kick  deduced  it. 

It  was,  nevertheless,  quite  a  reasonable  deduction,  and  *  Kick 
verms  Bittinger '  was  a  title  of  controversy.  Accepting  Kick,  the 
work  done  in  crushing  a  given  mass  is  unity  at  each  stage  in  reduc- 
tion, then,  since  the  resulting  total  surface  increased  geometrically ; 
the  energy  required  per  unit  of  surface  would  be  greatest  at  the 
first  step  and  least  at  the  last,  ranging  all  the  way  from  some 
capital  X  ft.-lb.  to  some  small  x  f t.-lb.  This  was  his,  the  speaker's 
view.  It  was  not  constant  throughout  as  Bittinger's  law  would 
assume.    More  simply,  the  greater  the  average  %\3A  ol  ^Vft^^  >iXy^ 
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greater  expenditure  of  energy  necessary  to  produce  unit  new 
surface.  If  Kittinger's  law  were  accepted  the  energy  to  produce 
new  surface  would  be  the  same  with  large  size  as  with  small ; 
capitaLY  would  in  fact  equal  small  x  right  down  through  every 
stage  of  reduction. 

The  author  then  went  on  to  cite  previous  experimental  determi- 
nations and  particularly  those  by  Gross,  who,  using  a  drop-ball 
on  graded  sizes  of  quartz  varying  from  4-me8h  to  lOO-mesh,  found 
that  it  required  3.82  ft.-lb.  to  produce  1  sq.  ft.  of  new  surface. 

Following  this,  he  gave  his  own  impact  tests  on  carefully- 
selected  Witwatersrand  quartzitic  rock,  when,  instead  of  dropping 
a  weight  on  the  rook,  he  dropped  the  rock  on  to  a  steel  plate.  The 
results  were  given  in  Table  VIII  and  the  speaker  had  condensed 
the  results  given  in  that  Table  and  in  subsequent  Tables  into  a 
tabulation  (Table  XXIV).  It  was  the  author's  opinion  that  the 
impact  tests  in  Table  VIII  supported  Kittinger,  but  it  seemed  to 
him.  the  speaker,  that  they  supported  Kick  rather  than  Bittinger, 
in  that  with  larger  size  of  test  piece  the  energy  required  to  effect 
unit  fracture-surface  was  greater. 

In  Table  IX  he  gave  the  relevant  data  relating  to  shear  tests. 
Cross-section  was  probably  the  important  dimension  in  shear, 
because  shear  had  to  cut  across  the  test  piece :  and  here  with  the 
larger  pieces  the  ft.~lb.  required  per  unit  surface  was  greater  than 
with  the  smaller.  With  the  bending  tests.  Tables  XI  and  XII,  of 
course,  tension  came  in,  but  here  again  the  pieces  of  1-in.  core 
and  0.8M-in.2  cross-section  required  more  energy  per  unit  fracture- 
surface  than  the  pieces  of  #-in.  core  and  0.628-in.*  cross-section, 
these  results  being  summarized  in  the  text  on  page  12. 

The  next  results,  given  in  Table  XV,  related  to  compression. 
Here  apparently  they  had  the  reverse  relation — that  is  to  say,  with 
the  larger  piece  a  less  amount  of  energy  per  unit  of  surface  was  • 
required.  But  if  they  turned  to  the  photographs  of  the  smaller 
test  piece  shown  in  Plates  III  and  IV  it  would  be  seen,  in  Fig.  4, 
for  example,  that  very  little  fine  material  came  w^ith  fracture,  and 
it  was  with  fine  material  that  big  areas  of  surface  came  and  con- 
sequent 1}^  less  energy  per  unit  of  surface.  Test  pieces  1  and  2, 
the  larj^er  pieces  which  yielded  much  more  fine  material,  were 
from  higher  up  in  the  same  hole  as  test  pieces  3-5  ;  test  pieces 
6-8  were  from  another  drill-core.  Fig.  4  was  particularly  interesting 
because  it  showed  the  shear  planes  along  w^hich  fracture  developed. 
Finally,  with  the  tension  tests  given  in  Table  XVI,  the  interrupted 
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relation  of  larger  size  of  test  piece  with  larger  enei^y  requirements 
per  unit  of  fracture  surface  was  pronouncedly  resumed. 

This  relation  could  readily  be  pictured :  one  could  imagine 
having  to  break  a  sphere  of  quartzite  the  size  of  a  pea  and  alongside 
of  it  a  piece  the  size  of  a  golf  ball.  One  could  smash  the  pea-size 
quite  readily  with  a  carpenter's  hammer  and  get  a  large  resultant 
total  surface,  because  in  the  smash  the  particles  would  be  small. 
But  the  same  blow  given  to  the  piece  the  size  of  a  golf  ball  would 
effect  nothing.  One  would  require  a  good  blow  with  an  engineer's 
hammer  or  even  a  miner's  hammer  before  any  impression  was  made, 
and  that  impression  would  be  a  more  or  less  clean  fracture  right 
through,  and  comparatively  little  new  surface. 

It  seemed  patent  to  him,  the  speaker,  that  the  energy  required  to 
produce  a  unit  of  surface  on  the  bigger  piece  was  greater  than  that 
required  to  produce  a  unit  of  surface  on  the  smaller.  All  the 
figures,  with  the  exception  of  those  of  compression,  appeared  to 
bear  out  Kick's  law  rather  than  Kittinger's  law.  The  author, 
however,  summed  up  with  the  statement,  *  It  is  further  concluded 
that,  in  crushing  and  grinding^Witwatersrand  quartzites,  it  requires 
approximately-  8.5  ft.-lb.  to  produce  1  sq.  ft.  of  surface  area  \ 
Apparently,  for  reasons  given,  the  results  of  the  impact  and  the 
shear  tests  were  not  used  in  coming  to  this  figure,  nor  perhaps  the 
t^msion  results,  but  only  those  of  bending  and  compression.  It 
was  obviousl}'  a  round  figure,  but  it  seemed  to  be  confinned  by  the 
work  of  Gross,  previously  mentioned,  who  found  that  the  energy 
required  to  produce  1  sq.  ft.  of  new  surface  was  8.82  ft.-lb.  That 
figure  of  Gross's  was  the  result  of  many  experiments  with  results 
satisfactorily  regular  throughout ;  but  they  were  not  on  single 
particles,  not  on  test  pieces,  but  on  a  mass  of  crushed  quartz 
particles  put  into  a  little  mortar  and  levelled  off,  a  steel  ball  being 
then  dropped  upon  a  closely  fitting  anvil  inserted  to  rest  upon  the 
particle  bed,  the  resulting  new  surface  being  measured.  When  a 
stamp  was  dropped  upon  a  mass  of  crushed  particles  the  first 
effect  was  a  cushioning,  the  particles  had  to  be  rearranged,  and 
there  was  loss  of  energy  by  friction  before  effective  crushhig  could 
take  place.  The  results  of  Gross  accordingly  appeared  to  the  speaker 
to  be  of  doubtful  vahdity.  If  it  was  desired  to  know  the  resistance 
offered  by  strength  of  the  material  it  must  be  arrived  at  by  means 
of  individual  test  pieces,  the  way  the  author  had  proceeded.  It 
would  be  asked  how  that  was  to  be  done  with  small  particles. 
Well,  it  must  le  done  scmehow  or  other.    One  co\x\^  Vis^^Xi*^  voi^ 
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particles  all  of  a  nize  arranged  in  a  single  layer  on  a  die  and  a 
weiglit  allowed  to  fall  on  them  ;  or  one  could  project  the  particles 
at  high  velocity  in  an  air-borne  stream  through  a  jet  against  a  hard 
surface.  The  agreement  between  the  author's  figure  of  8.5  ft.-lb. 
and  Gross's  figure  of  3.82  was  to  him  not  so  impressive  as  might 
appear. 

Then  the  author  passed  on  to  the  determination  of  the  efficiencies 
of  industrial  machines,  and  he  considered  here  again  that,  the  feed 
changing  from  coarse  to  tine  and  the  setting  of  the  gyratory  crusher 
from  I  in.  to  IJ  in.,  the  results  supported  Rittinger.  But  the 
efficiencies  given  in  Table  XVIII,  based  on  available  power,  of 
82.6.  31.5,  and  34.3  per  cent  all  had  reference  to  the  constant  figure 
of  3.5  ft.-lb.  to  produce  1  sq.  ft.  of  surface  area.  From  this  he 
went  on  to  stamp-milling,  using  diflFerent  screen -apertures,  finding 
there,  once  more  assuming  the  100  per  cent  efficiency  of  the  figure 
of  3.5  ft.-lb.,  that  the  stamp  with  the  smallest  aperture  of  the  three 
was  the  most  efficient.  Generally,  but  perhaps  not  necessarily  here 
with  these  large  apertures,  the  finer  the  aperture  in  relation  to  the 
material  crushed  the  less  efficient  the  stamp  (Table  XIX). 

With  regard  to  tube  milling.  Table  XXI ;  here  again  everything 
was  referred  to  the  100  per  cent,  efficiency  of  the  8.5  ft.-lb.  He, 
the  speaker,  would  say  that  getting  down  to  the  finest  material 
the  crushing  measured  per  unit  of  fracture  surface  was  much 
easier,  and  if  that  were  so  the  efficiencies  given  were  that  much  too 
high. 

To  sum  up,  it  must  be  said  that  the  author  in  his  paper  had 
given  them  abundant  information  and  a  large  number  of  data — 
upon  some  of  which  he  had  not  had  time  to  touch — from  which 
they  could  make  their  own  deductions  and  draw  their  own  con- 
conclusions,  as  he  himself  had  taken  the  liberty  of  doing.  The 
author  made  acknowledgments  at  the  end  to  various  colleagues 
who  had  assisted  him,  and  in  particular  to  the  staff  of  the  Hand 
Klines  Mechanical  Laboratory-.  The  great  preoccupation  on  the 
Rand  at  the  present  moment  was  descent  into  greater  depth. 
Concerted  research  there  was  focused  on  the  question  of  how  much 
deeper  they  could  go  and  on  the  associated  questions  of  ventilation 
and  rock  pressure.  They  were  all  the  more  indebted,  therefore,  to 
him  for  initiating  and  carrying  through  at  the  present  juncture 
this  investigation  into  cnishing  and  grinding  efficiencies.  He  finally 
appended  a  list  of  authorities.  The  speaker  was  sure  that  Mr. 
Prentice's  own  name  and  the  paper  he  had  had  the  privilege  to 
introduce  that  eveninc,'  would  figure  prominently  in  any  future 
bibliography. 
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Table  XXIV. 

TABrLATION    OF   EXFERIMENTAI«  AVEBAGES, 

showing  the  conformity  between  size  of  test  piece  and  energy  required  to 

produce  unit  new  fracture-surface. 
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*8ee  8ununar>'  of  these  teste  on  top  of  p.  18. 
tSee  8ununary  of  these  tests  lower  down  on  p.  18. 

Dr.  Hey  wood  said  that  he  had  prepared  a  written  contribution 
to  discussion  on  this  paper  and  in  view  of  the  lateness  of  the  hour 
he  would  send  it  in  to  be  appended  to  the  discussion.  He  added  that 
although  he  had  cast  doubt  on  the  validity  of  using  a  compresBion 
test  as  a  basis  for  estimating  the  relative  efficiency  of  a  fine-grinding 
machine,  yet  he  would  agree  with  Mr.  Prentice  that  the  method  of 
•evaluating  the  performance  of  industrial  mills  by  means  of  a  ratio 
•of  energ}'  to  surface  was  exceedingly  useful  and  one  thoAi  ^VlomX^'^^ 
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adopted  as  far  as  possible.  He  had  plotted  the  ratio  of  energy  to* 
surface  against  the  output  of  a  coal  pulveriser.  If  thej  could 
devise  an  ideal  comparison  process  then  the  valne  of  energy-  to 
auiface  for  the  ideal  process  divided  by  the  value  determined  on 
the  pulverizing  mill  would  be  the  relative  grinding  efl&ciency  of 
the  mill  for  that  particular  output.  The  problem  was  to  devise- 
that  ideal  crushing  process.  Progress  in  elucidating  the  fundamental 
principles  of  crushing  and  grinding  had  been  slow,  but  there  was  an 
accumulating  mass  of  data  and  ^Ir.  Prentice's  paper  constituted  a 
big  step  forward. 

Mr.  R.  T.  Hancook  desired  to  offer  some  comment  on  the^ 
Kozeny-Carman  equation,  which  was  the  basis  of  the  surface  area 
determinations  (Method  III)  on  minus  20-mesh  material,  as  carried 
out  at  the  Band  Mines  Laboratory. 

He  had  recently  put  forward  equations  of  one  general  type  for 
the  upward  flow  of  fluids  through  suspensions  and  for  downward 
flow  through  beds  of  granular  mateirial,*  and  where  Darcj^'s  law 
applied  his  equation  and  the  Kozeny-Carman  could  be  put  in  the 
comparable, forms : 

Hancock:     —!■ x  — ,    ,,     ^, —  X^     =24 

V  h  (1 — V)         3/ix 

In  the  Kozeny  equation  the  constant  k  was  assigned  th(*  value 

5  and  Carman  had  been  at  pains  to  establish  this  figure  from  the 

available  experimental  data.    If  it  were  actually  a  constant,  then 

equality  between  the  two  equations  could  only  be  obtained  by 

giving  d  slightly  different  values  in  each.    The  value  of  d  entered 

the  equation  for  the  specific  surface  of  a  powder,  as — 

6  (1-V) 

^= d 

SO  that  if  d  was  not  the  same  for  both  equations,  then  the  specific 
surface,  S,  would  be  different  according  to  which  was  employed. 
The  specific  surface  of  a  powder  was  a  constant  and  should  not 
var}'  according  to  the  equation  used,  but  if  the  function  of  the 
voidage,  V,  which  appeared  in  an  equation  was  not  correct,  then  the 
surface  figure  would  be  found  to  varj'  according  to  the  voidage  at 
which  the  powder  was  tested.  It  was,  therefore,  significant  that 
where  the  Kozeny  equation  was  the  basis  of  the  determination  the 
result  was  not  the  same  on  the  whole  sample  as  on  the  fractions 

*'  tSynipobiuin  of  Papers  on  Flow  of  Fluids '.  Proc.  Inst.Mech.E.^ 
Vo).  153,  War  P"^mergency  Issue  No.  5.     194.1. 
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into  which  it  could  be  separated  by  screening,  as  the  three  voidages- 
would  all  differ. 

If,  on  the  other  hand,  the  proposed  equation  was  correct,  then^ 
subject  only  to  experimental  error  in  determining  the  voidage  V 
and  the  velocity  of  flow  v,  either  method  should  give  the  same- 
figure. 

To  convert  specific  surfaces  in  sq.  cm.  per  g.  obtained  with  the- 
Kozeny  equation  to  those  which  would  be  given  by  the  equation 
proposed,  the  former  should  be  divided  by  the  square  root  of 
10(V)i-»(l— V)«. 

This  would  give  specific  surfaces  about  4.5  per  cent  greater  than, 
the  Kozeny  figure  when  the  voidage  was  48  per  cent,  and  about- 
5.5  per  cent  greater  when  the  voidage  was  either  88  or  48  per  eent» 

It  would  be  of  extreme  interest  if  the  author  would  apply  this- 
test  to  any  figures  he  had  for  determinations  on  the  whole  sample 
and  o>i  the  fractions  obtained  hy  screening  and  pubUsh  the  results* 

Mr.  E.  A.  Khapp  said  that  the  author  uttered  a  truism  when; 
he  stated  that  the  object  of  crushing  and  grinding  was  to  make 
particles  smaller  and  smaller,  but  the  speaker  beUeved  that  thia; 
was  the  wrong  conception.  He  beUeved  that  the  real  reason  lor 
crushing  and  grinding  was  to  produce  free  mineral  particles  and  if  the* 
crushing  or  grinding,  either  of  valuable  material  or  of  waste,  took 
place  any  further  than  was  necessary  for  this  purpose  it  was  a 
waste  of  energy. 

The  author  had  dwelt  upon  the  efficiencies  of  the  actual  crushing^^ 
and  grinding  machines  of  different  types,  but  with  a  ball-inili 
they  had  always  recognized  that  the  mechanical  grinding  efficiency 
was  low.  It  was  for  this  reason  that  ball-mill  grinding  using  a 
classifier  and  ball-mill  in  closed  circuit  was  developed.  It  was  a^ 
grinding  unit  and,  therefore,  they  could  not  divorce  the  classifier 
from  the  ball-mill  as  the  author  desired.  Even  the  installation  of 
a  jig  or  a  unit  flotation  cell  to  remove  a  coarse  valuable  mineral 
played  some  part  in  improving  grinding  efficiency  and  not  enough 
attention  was  paid  to  the  removal  of  coarse  absolute  waste  particles 
— say  by  jigging  the  classifier  sands — which  might  be  possible  in 
the  grinding  of  certain  ores.  If  by  such  elimination  a  5  ft.  diameter 
mill  was  used  when  previously  a  6  ft.  mill  was  required  then  a  definite 
achievement  had  been  made. 

The  next  thing  that  struck  him  was  the  efficiency  of  the  crusher^ 
which,  by  the  author's  figures,  was  not  much  greater  than  that  of 
the  ball-mill.  They  had  always  been  under  the  impression  thai 
the  crusher  had  a  much  greater  efficiency-.  They  had  even  gone 
80  far  as  to  make  finer  and  finer  products  for  feedmg  to  ibft  WW-tn^t 
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thinking  it  was  more  efficient.  He  had  some  idea  that  the  author's 
%iires  were  wrong  at  some  point ;  he  rather  thought  at  the 
minus  20-mesh  fraction.  In  the  feed  to  the  crusher  there  was  87.1 
per  cent  of  the  total  surface  area  in  that  fraction.  It  could  not  be 
expected  that  the  crusher  would  do  any  work  on  that  fine  material. 
He  thought,  therefore,  that  the  test  would  have  been  more  correct 
if  the  minus  20-mesh  fraction  was  eliminated  by  washing  thoroughly, 
before  starting  the  test.  The  speaker  remembered  that  in  the  old 
days,  when  he  used  to  do  coefficient  of  grinding  resistance  tests 
against  Portland  ore,  he  always  eliminated  the  minus  200-me8h 
fraction  from  the  feed  sample.  He  would  like  to  see  some  further 
tests  go  forward  with  the  elimination  of  the  minus  20-mesh  fraction, 
or  coarser  grading — even  so  far  as  discarding  all  products  finer  than 
the  crusher  discharge  opening. 

The  question  of  sampling  had  been  brought  up  in  the  discussion 
of  the  previous  papers.  It  must  be  very  difficult  to  take  a  sample 
that  had  the  identical  sizing  analysis  as  the  bulk.  The  larger 
•quantity  of  sample  of  a  flowing  pulp  was  also  difficult  to  cut  down  to 
practical  quantity.  The  best  the  speaker  knew  was  to  pass  the 
product  of  the  automatic  sampler  over  two  sets  of  Jones  rifflers, 
which  would  cut  the  bulk  sample  by  four.  This  smaller  quantity 
•could  then  be  handled  by  a  laboratory  pressure  filter.  To  sample 
the  filter  cake  was  then  an  easy  matter.  Mr,  Prentice  did  not  give 
them  any  details  as  to  how  the  samples  were  taken  ;  if  they  were  not 
taken  accurately  then  the  whole  of  his  figures  would  be  wrong. 

Mr.  E.  J.  Pryor  said  that  the  main  point  of  his  criticism 
of  an  excellent  paper  was  that  he  felt  that  Mr.  Prentice  was  up 
•against  a  very  real  difficulty  in  the  selection  of  the  material  on 
which  he  worked.  There  was  a  world  of  difference  between  the 
breaking  behaviour  of  an  ore  which  contained  1  per  cent  of  a 
sulphide  in  a  quartz  matrix  and  5  per  cent  of  sulphide.  There  was 
a  world  of  difference  between  two  samples,  one  of  which  was  a 
random  piece  with  random  contours  dropped  on  to  a  plate  and 
allowed  to  smash  according  to  whether  a  small  portion  of  the 
ore  impinged  thereon  and  the  other  a  perfectly  flat  surface  dropping 
on  to  a  perfectly  flat  piece. 

Mr.  P.  Rabone  thought  that  the  moral  of  the  paper  was  that 
hall-  or  tube-milling  was  fundamentally  wrong  as  a  method  of  fine 
grinding  and  that  no  amount  of  research  would  increase  the 
•efficiency  of  the  process  more  than  a  few  per  cent.  Ball-milUng 
was  analogous  to  trying  to  break  a  rock  face  underground  by  batter- 
ing it  with  a  power  hammer  or  wearing  it  away  with  a  grinding 
wheel.     He  did  not  suggest,  however,  that  the  work  of  Mr.  Prentice 
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^nd  his  associates  was  wasted.  On  the  contrary  it  was  exactly  the 
type  of  investigation  which  an  industrial  research  organization 
should  make.  But  he  considered  that  any  fundamental  research  in 
size  reduction  in  the  fine  range  should  be  directed  towards  finding  a 
method  of  disrupting  the  particle  from  the  inside,  not  towards 
cracking  it  more  efl&ciently  from  the  outside. 

The  Plresident  expressed  the  thanks  of  the  Institution  to  the 
author  for  his  interesting  paper  and  to  Professor  Truscott  for 
introducing  it. 


CONTRIBUTED  REMARKS. 


'  Dr.  Harold  Hesrwood :  The  controversy  of  Rittinger's 
f:ersus  Kick's  laws  for  crushing  still  persists,  nearly  100  years  after 
the  enunciation  of  the  former.  On  the  one  hand  many  experimenters 
have  shown  that  in  fine  grinding  the  surface  increase  is  proportional 
to  the  energy  applied,  yet  it  is  also  established  that  the  strain  energy 
4^tored  in  an  elastic  and  homogeneous  material  at  the  instant  of 
fracture  is  proportional  to  the  volume  of  the  test  piece,  provided 
that  the  energy  is  uniformly  distributed.  Perhaps  the  reason  for 
jthe  lack  of  agreement  between  the  two  laws  is  that  in  interpreting 
iKick's  law  it  is  postulated  that  a  cube  can  be  neatly  broken  into 
ieight,  or  some  other  whole  number,  smaller. cubes.  This  does  not 
►occur  in  practice,  for  a  cube  when  shattered  by  compression  will 
form  into  several  large  pieces  and  a  great  number  of  smaller  particles 
ranging  down  to  the  finest  dust.  Hence  it  is  impossible  in  practice 
to  fulfill  Kick's  original  postulate.  It  should  also  be  noted  that 
Rittinger's  law  can  only  apply  if  the  physical  constants  for  the 
material  do  not  alter  with  varying  particle  size. 

Estimates  of  the  grinding  efficiency  of  mills  made  by  various 
research  workers  fall  into  two  groups — namely,  values  of  the  order 
of  a  fraction  of  one  per  cent,  and  values  in  the  region  of  20  to  60 
per  cent.  The  former  estimates  are  based  on  the  surface  energy 
-of  the  crvstal  lattice  and  the  latter  are  relative  efficiencies  of  the 
mill  compared  with  an  *  ideal '  process  of  crushing — e.g.,  by  com- 
pression test  or  impact  under  controlled  conditions.  The  latter  is 
i\  more  practical  criterion  of  the  performance  of  an  industrial  mill, 
provided  that  a  comparable  *  ideal '  process  can  be  devised. 

I  am  particularly  interested  in  the  method  of  estimating  grinding 
-efficiency  used  by  Mr.  Prentice,  as  I  used  a  similar  method  to  esti- 
mate the  efficiency  of  coal  pulverizers.    These  leaieait^Yie^  ^«t^  tl^V 
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published  in  full,  for  a  reasou  that  will  be  explaiaed  later,  but 
some  of  the  experimental  data  may  be  found  in  the  Reports  of  the 
Fuel  Besearch  Board  and  in  the  Jcumai  of  the  Institute  of  Fuel.*^ 
To  illustrate  the  point  at  issue,  I  have  plotted  (Fig.  5)  the  energy 
appUed  against  the  surface  increase  for  compression  tests  on  coal 
cubes,  tests  with  experimental  crushing  rolls  and  with  a  small 
ball-mill,  botl^  these  machines  being  arranged  so  that  the  energy 
applied  could  be  measured  with  a  high  degree  of  accuracy.  The 
ounces  have  been  plotted  to  logarithmic  and  to  linear  scales,  the 
former  being  considered  first.  The  average  of  the  ratio  energy/ 
surface  increase  was  0.68  ft.  lb.  per  sq.  ft.  for  coal  cubes  tested  in 
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compression,  and  this  line  has  been  extrapolated  so  that  the 
relative  efficiencies  of  the  machines  may  be  determined  as  descnl)od 
in  the  paper  by  Mr.  Prentice.  The  lower  set  of  curves  are  plotted 
for  data  on  the  cnishing  and  grinding,'  of  banket  taken  from  the 
paper.  When  plotted  to  logarithmic  scales  these  curves  appear 
v^ry  convincing,  but  the  illusion  becomes  apparent  when  the 
co-ordinates  are  linear  scales.  The  small  range  of  values  of  energy 
and  surface  covered  by  the  compression  tests  is  then  realized  and 
it  is  clear  that  the  validity  of  extrapolating  the  compression  test 

♦Annual  Reports  of  the  Fuel  Research  Bonrci  ;    1936,  p.  40  :    1937.  p.  42  ; 
1938,  p.  71. 

Joftrn.  Inst.  Fuel ;   1935,  vol.  9,  p.  94. 
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Teanlts  over  a  100-fold  range  of  energy  and  surface  values  is  very 
<lebatable.  It  would  seem  to  be  much  more  probable  that  the 
physical  properties  of  a  material  change  with  size  and  that  the 
ratio  of  energj^/surface  increases  ^^^th  decreasing  size  of  particle. 
Tliis  would  make  the  relative  efi&ciencies  of  the  industrial  mills, 
^fter  allowance  for  mechanical  friction  losses,  even  greater  than  as 
-estimated  in  the  paper,  but  there  is  no  reason  to  believe  that  such 
iin  effect  is  impossible.  The  postulated  increase  in  the  energy/ 
surface  ratio  might  be  due  to  the  fissured  structure  of  materials, 
which  is  very  pronounced  with  coals  and  has  been  shown  by  recent 
researches  to  exist  even  in  hard  crystalline  minerals. 

The  range  of  output  with  the  experimental  coal-grinding 
mills  is  much  greater  than  can  usuall}'  be  obtained  on  industrial 
mills  because  of  interference  with  plant  operation,  and  this  is  one 
of  the  disadvantages  of  research  on  industrial  units.  The  experi- 
mental mill  results  show  a  minimum  value  for  the  energy /surface 
ratio,  with  higher  ratios  at  low  outputs  when  the  elastic  energy 
•of  compression  forms  an  appreciable  proportion  of  the  energy 
applied,  and  also  at  high  outputs  w^hen  the  mill  is  overloaded  and 
•choking  occurs.  I  have  previously  demonstrated  that  the  efficiency 
of  crushing  is  a  maximum  when  the  energy  applied  is  only  just 
sufficient  to  fracture  the  particles  completely. 

Detennination  of  the  mechanical  energy  losses  of  an  industrial 
mill  is  not  an  easy  matter  ;  for  instance,  in  the  case  of  a  tube-  or 
ball-mill,  it  is  not  sufficient  to  run  the  mill  empty.  For  an  accurate 
<letermination  of  the  frictional  losses,  the  mill  should  be  filled  with 
ii  balanced  load  of  concrete  blocks  equal  in  weight  to  the  ball 
■charge,  and  a  measured  torque  applied  by  means  of  a  friction 
brake  fitted  to  the  mill  casin^'.  Bv  this  means  the  transmission 
gear  is  loaded  similarly  to  normal  running  conditions. 

Although  I  have  ventured  to  cast  doubt  on  the  validity  of 
•extrapolating  the  results  of  compression  tests  as  a  basis  for  estimat- 
ing the  relative  grinding  efficiency  of  fine-grinding  milh,  the  method 
of  assessing  the  output  of  a  mill  in  terms  of  energy  per  unit  surface 
increase  described  by  ^Ir.  Prentice  is  imdoubtedly  the  most  effective 
way  of  comparing  different  crushers  and  grinding  mills.  In  applying 
this  method  to  coal  pulverizers,  I  have  plotted  (Fig.  6)  curves 
relatini:  tliM  energy /surface  ratio  and  the  rate  of  output.  The 
external  characteristic  refers  to  the  c^ierg}^  applied  to  the  mill 
shaft,  and  the  internal  characteristic  to  the  energy  apphed  to 
grinding.  Hence  the  ratio  of  the  internal  to  the  external  character- 
istic is  tlie  mechanical  efficiency  of  the  mill  at  any  output,  and  the 
ratio  of  the*  ideal  *  energ\'/surface  ratio  (if  this  can  b©  d^i^remw^^ 
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to  the  internal  characteristic  would  be  the  relative  grinding 
efficiency  of  the  mill.  Progress  in  elucidating  the  fundamental 
principles  of  crushing  and  grinding  has  been  slow,  but  there  is 
an  accumulating  mass  of  data,  and  Mr.  Prentice's  paper  constitutes 
a  big  step  towards  a  solution  of  the  problem. 
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Fio.  6. — Energy -surface  characteristics  of  impact  pulverizer. 
£.— extemcd  oharact'eristic  of  pulverizer  and  fan. 

I. — internal  characteristic  of  pulreriaer. 

• 

Mr.  E  J.  Pryor :  This  paper  provides  a  valuable  euipirica! 
approach  to  our  knowledge  of  its  subject,  particularly  since  all  the 
Band  banket  is  of  one  generic  type  and  has  a  more  consistent 
crushing  reaction  than  most  ores.  In  respect  of  the  author's- 
opening  sentence  I  prefer  to  regard  the  primary  function  of  crushinjx 
and  grinding  as  preparation — either  to  grade  material ;  to  liberate 
ore-constituents  in  such  a  manner  as  to  present  an  optimum  feed 
to  a  concentrating  process  ;  or  to  expose  optimum  surface  of  the 
desired  mineral  to  special  chemical  reagents  in  the  pulp.  Further 
small  points  of  criticism  are  that  most  laboratories  today  use  the 
Tvler  V  2  series  of  screens  and  not  the  Tvler  2.  and  that  the  term 
*  diameter  '  in  Table  I,  col.  2,  is  less  lucid  than  would  be  *  mean 
mesh  '.  Agahi,  screens  can  become  unsatisfactory  well  on  th*^ 
coarse  side  of  50  microns,  and  unless  they  are  carefully  cahbrated 
and  used  in  a  standardized  maimer,  with  control  for  *  bunching  \ 
dried-on  salts,  compacted  particles  and  tissuring,  the  figures  for 
total  new  surface  will  be  misleading. 

Papers  presented  by  (Taudin  and  others*  should  be  carefully 
considered  by  all  concerned  with  fine-grinding  technology.  They 
show  that  when  homogeneous  rock  receives  a  single  shattering  l>Io\\ 

*AJ,M.E.  Tech.  Pubs.  1779  and  1819  (Nov.,  1944,  and  May,  194r>). 
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under  controlled  conditions,  the  same  amount  of  new  surface  i& 
developed  in  each  grade  of  a  v'2  series  of  screens,  and  that  rock 
always  breaks  to  random  sizes.  Table  III,  by  its  theoretical  dis- 
cussion of  cubic  breakdown,  might  distract  attention  from  this- 
n  ost  important  breaking  relationship. 

The  author  gives  a  list  of  five  forces  at  work  in  breakinj^  rock. 
I  find  it  easier  to  resolve  these  down  to  two — compression  and 
tension — although  shear,  which  is  a  mixture  of  simultaneous, 
compression  and  tension,  might  be  considered  as  a  third.  Impact 
has  to  do  with  the  rate  of  application  of  one  or  both  of  these  forces 
and  can,  therefore,  be  thought  of  as  an  element  in  their  operation. 
If  we  admit  it  as  a  separate  force  we  should  also  bring  in  the 
method  of  grip  of  the  work-piece,  the  anvil,  the  inertia  of  the 
compressed  system,  and  similar  matters.  In  bending  there  is 
straight  compression  on  one  side  of  a  neutral  axis  and  straight 
tension  on  the  other. 

On  p.  11  the  author  says  *  additional  classification  does  not  to 
any  extent  alter  the  amount  of  grinding  performed  by  a  mill  \ 
This  sureh'  needs  qualification.  Removal  of  *  finished  '  material 
is  not  the  onh-  objective  in  classification.  The  settling  rate  of  a 
solid  through  a  fluid  varies  according  to  the  frictional  drag,  which 
contains  two  elements — viscosity  and  total  surface  area  involved 
in  friction  at  the  solid-liquid  interface.  Hence  the  mixture  of 
grain  sizes  in  the  crop  of  the  mill  determines  the  sink-float  character- 
istics of  the  slurry.  I  think  of  these  as  pseudo- viscosity  and 
lubricating  effect.  By  *  pseudo-viscosity  '  I  mean  the  retardation 
of  settling  due  to  surface  friction  (a  function  of  total  surface 
presented  per  unit  volume  by  the  mixture  of  particles  in  the 
slurry),  the  prefix**  pseudo  '  being  introduced  to  make  it  clear  that 
true  viscosity  or  molecular  shearing  of  the  liquid  fraction  of  the 
pulp  is  not  under  consideration.  The  lubricating  effect  enters 
milling  work  in  so  many  obscure  ways  that  a  discussion  would 
need  a  paper  to  itself.  It  affects  the  transporting  power  of  the 
mechanical  components  of  the  closed  circuit  ;  the  keying  of  liners 
to  balls  and  balls  to  each  other  and  to  the  work-pieces  (ore  in 
circuit)  :  the  efficient  proportioning  of  solid  to  liquid  ;  the  dis- 
placement of  centre  of  gravity,  which  equates  the  mill's  input  of 
useful  grinding  power  :  the  buoyancy  of  the  balls  and  hence  their 
effective  kinetic  energy  and  combined  crushing  mass  in  the  bottom 
segment  of  the  mill.  New  surface  produced  is  generally  conceded  to 
be  proportional  to  the  useful  work  put  into  the  mill  and  the  classifier, 
therefore,  plays  a  most  important  role  in  sorting  over  the  mill- 
discharge  and  returning  not    only  insufficient ly-grovu\d  m\^\.«\l\^\^ 
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but  also  the  best  keying  load  for  using  the  mechanical  power  of  the 
mill  in  such  a  way  as  to  produce  maximum  displacement  of  load 
■centre  and  hence  maximum  ammeter  reading  in  a  mill  in  good 
running  condition.  I  would  qualify  my  phrase  *  useful  work  '  by 
adding  that  its  usefulness  depends  on  the  proposed  end  use  of  the 
ground  material,  because  grinding  is  only  a  means  to  that  end. 

Coming  now  to  the  tests,  it  is  necessary  to  remember  that  any 
work  on  ore  composed  of  several  elements  must,  in  our  present 
state  of  knowledge,  be  largely  empirical  and  beyond  fundamental 
formulation.  Much  research  work  has  been  done  using  glass 
spheres  as  a  source  of  homogeneous  material.  As  these  are  produced 
by  shot-tower  methods  they  are  imperfectly  annealed  and  are 
•erratic  in  their  crushing  response  as  revealed  by  modem  methods 
-of  surface  measurement.  Glass  is  a  simple  super-cooled  liquid, 
elementary  in  its  behaviour  when  compared  with  run-of-mine 
material. 

Yet  it  is  nm-of-mine  material  which  provides  us  with  our  liveli- 
hood, not  chunks  of  glass.  With  mine  ore  there  must  be  discordant 
results  and  in  fundamental  research  we  are  still  seeking  an  ideal 
reference  material  by  which  our  tests  can  be  caUbrated.  The 
research  ideal  is  to  control  all  possible  variables,  and  then  to 
-change  one  only,  step  by  step.  Here  *  practical '  tests  meet  a 
substantial  difficulty.  Is  it  possible  to  obtain  a  series  of  physically 
similar  work-pieces  when  dealing  with  a  non-homogeneous  rock? 
If  there  is  any  change  in  the  percentage  of  i^angue,  sulphide,  and 
gold  :  if  there  is  change,  however  shght,  in  grain  structure  ;  if 
variation  in  mode  of  severance  of  the  rock  from  its  lode,  or  of 
pre-stressing  the  working  places  has  occurred  ;  the  tenacity 
•of  association  between  the  bonded  phases  of  the  various  pieces  of 
ore  varies  and  so  will  their  crushing  response.  For  strict  reproduc- 
ibihty  all  test  pieces  should  have  similar  assay,  distribution  of 
<;ontents,  grain  structure,  geological  histor}*,  and  mode  of  severance. 
Obviously  this  is  an  impossible  ideal  and  we  must  therefore  rely  on 
the  statistical  method  in  empirical  research,  averaging  a  sufficient 
number  of  test  results  while  controlling  as  many  variables  as 
possible.  I  venture  the  opinion  that,  given  the  vahdity  of  the 
^ibove  argument,  more  tests  are  needed  before  it  will  be  safe  to  .set 
up  the  reference  figure  of  3.5  sq.  feet /ft. lb.  Individual  tests  in 
the  Tables  lie  well  off  the  average  tinally  struck  and  this  indicatt^s 
the  need  for  a  wide  base  from  which  to  compute  that  average. 

Next,  do  such  things  as  the  size,  the  shape,  and  the  rate  of  loading 
of  the  test  piece  matter  ?  In  the  tests  suinmarized  in  Table  VIII 
the  rRte  of  application  of  impact  is  widely  varied ;  also  the  size  and 
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hence  the  inertia  and  elastic  reaction  of  the  test-piece  is  out  of 
control.  Again,  the  appUcation  of  the  shattering  force  appears  to 
have  heen  left  to  a  random  collision  between  an  unknown  rock 
contour  and  a  flat  piece  of  steel.  These  tests,  therefore,  contain 
several  uncontrolled  variables  and  this  may  have  a  bearing  on  the 
random  individual  results. 

Turning  to  the  shear  tests,  the  mode  of  preparation  of  the 
specimens  seems  important.  Were  they  taken  from  the  same  place 
and  drilled  in  similar  fashion  so  that  no  more  incipient  Assuring 
would  be  likely  to  be  produced  on  one  than  another  specimen  ?  The 
author's  mention  of  vibration  introduces  that  complex  of 
phenomena,  propagation  of  fracture  by  shock-loading,  of  which  we 
have  had  so  many  strange  examples  during  the  bombing  of  Britain. 
In  Table  IX  the  velocity  with  which  the  blow  was  administered 
varies  considerably  and  the  core  diameter  somewhat,  suggesting 
dissimilar  drilling  conditions,  though  the  results  are  surprisingly 
consistent  if  No.  1  is  omitted. 

In  the  ball-mill  tests  part  of  any  new  surface  produced  comes 
from  wear  of  liners  and  balls.  Unfortunately  the  mill  does  not 
discriminate  between  what  we  wish  to  grind  and  what  we  would 
like  to  preserve,  so  the  Brinell  figures  of  the  grinding  media  and 
the  corrosive  activity  of  the  ore  (in  a  chemical  sense)  become 
factors  in  assessing  grinding  efficiency,  though  this  latter  effect  is, 
I  believe,  negligible  in  Rand  practice.  In  Table  XXI  (Plate  2) 
screen  analysis  stops  at  200-mesh.  A  surprising  amount  of  the 
total  new  surface  occurs  in  the  minus  200-mesh  fraction  and  some 
eliitriation  or  infra-sizing  work  would  be  of  value  in  bringing  this 
into  the  reckoning. 

Some  writers  rate  the  efficiency  of  the  ball-mill  as  a  fraction 
of  1  per  cent,  while  others  set  it  high.  To  me  it  seems  that  the 
right  empirical  approach  in  our  present  state  of  knowledge  is  not 
some  theoretical  abstraction,  but  the  practical  question  *  How 
efficient  is  ray  grinding  circuit  in  this  mill  with  this  ore,  as  compared 
with  100  per  cent  efficiency  for  this  class  of  machine  ?  *  A  question 
of  this  sort  is  helped  tremendously  by  papers  such  as  the  one 
under  discussion.  If  we  can  find  a  generally  acceptable  reference 
ore  and  if  we  can  agree  on  a  reasonably  standardized  handling 
technique  as  being  in  practice  100  per  cent  efficient,  we  shall  have 
a  standard  which,  though  empirical,  wull  make  possible  direct 
comparisons.  I  can  think  of  no  mine  field  so  well  provided  by 
nature  with  the  standard  ore  as  the  Rand,  or  by  the  far-sip;htedue9>"3^ 
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of  thoee  controUing  Soath  Africa's  gold-mining  indnstry  with  the 
technical  means  to  work  out  a  standard  procedure  for  such  com- 
parative work. 

The  fundamental  approach  to  crushing  aud  wet-grinding  prob- 
lems is  so  beset  with  problems  of  control  that  much  patient  research 
will  be  needed  before  reliable  formulation  as  a  guide  to  basic  design 
can  compete  with  the  empirical  approach.  Pure  research  must  at 
present  continue  cautiously,  using  homogeneous  material,  but 
appHed  technology  cannot  wait.  It  is  becoming  increasingly  clear 
that  good  grinding  is  the  key  to  good  extraction.  The  whole 
subject  is  of  major  importance,  technically  and  economically,  and 
far  more  research  is  needed,  and  needed  now.  Whether  the  ball- 
mill  is  a  machine  of  low  or  high  efficiency,  it  is  the  best  tool  we  have 
at  present,  and  must  be  used  nnderstandingly.  This  paper  will 
help  toward  that  end,  and  I  thank  the  author  for  his  valuable 
addition  to  our  literature. 
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Tunnelling  in  Gibraltar  during  the  1939-1945  War.* 

Bv  W.  H.  WiLsox,  Member. 

Mr.  R.  S.  Botsford :  This  paper  is  particularly  interesting, 
both  as  a  description  of  what  went  on  at  Gibraltar  during  the 
recent  war  and  of  the  tunnelling  and  dimensioned  blasting  of  large 
excavations,  where  the  uniformity  and  reasonable  smoothness  of 
the  roof,  walls,  and  floor  merit  special  consideration,  to  accommo- 
date the  population  of  the  Rock  in  time  of  emergency.  Had  they 
not  been  so  pressed  for  time  the  walls  of  the  chambers  might  have 
been  sawn  with  wire,  as  at  CaiTara  for  cutting  marble,  with  less 
fracturing  of  the  walls  ;  as  it  is  thev  seem  to  have  made  a  verv 
good  job.  The  excavations  will  remain  there  for  all  time,  doubtless 
with  additions  as  required  through  future  centuries.  Already  they 
must  })e  considering  double  doors  to  all  openings  to  avoid  the 
incendiary  effect  of  atom  bombs. 

Plate  Xo.  1  shows  the  lay-out  for  extracting  the  fumes  and  smoke 
from  blasting,  but  the  fresh  air  supplied  to  the  face  was  contaminated 
with  dust,  as  the  hand-drills  were  not  adapted  for  the  use  of  water 
for  la3'ing  the  dust.  The  amount  of  limestone  dust  seemed  harmless, 
but  must  have  been  uncomfortable  to  the  operators.  One  firm 
mentioned  makes  jack-hammers  for  water  which  with  a  slight 
alteration  can  be  used  dry  when  desired,  as  may  happen  at  the 
surface,  especially  if  there  is  a  wind  to  blow  the  dust  away.  In  the 
Medellin  single-track  railway  tunnel  in  Colombia,  four  kilometres 
long  and  worked  from  both  ends  onlv,  the  Canadian  contractors 
(Eraser  Brace,  Ltd.,  of  Montreal)  exhausted  the  fumes  from  the 
blasting  of  the  42  holes  using  first,  second,  third,  and  fourth  delays 
as  did  the  author  and  after  12  minutes  blew  air  in  on  to  the  face  ; 
the}^  could  comfortably  return  to  the  fac^  in  20  minutes  from  the 
blast,  always  supposhig  that  the  two  men  Hstening  agreed  that  all 
had  gone  off.  The  floor  was  blasted  out  to  one  foot  below  the 
specified  depth  so  as  to  have  no  delays  in  laying  the  track  for  the 
loader,  for  even  a  lump  of  unbroken  rock  six  inches  high  in  the  way 
\)i  the  rail  wnll  cause  considerable  annoyance  and  delay  while  it  is 
being  removed. 

*J5u/?.  475,  November,  1945. 
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It  is  mosi  diBOoUraging  for  any  driller  to  start  the  shift  with  a 
drill  less  effective  than  that  of  his  companions  and  so,  on  this 
Colombiajob,  the  drills  of  each  shift  were  daily  taken  apart,  blown 
back  with  compressed  air,  washed  if  necessary,  air-sieve  cleaned, 
and  lubrication  inspected,  any  worn  parts  replaced,  etc.,  so  that 
each  driller  started  work^with  what  was  to  all  intents  and  purposes 
a  new  drill.  The  screen  in  the  compressed-air  connexion  may  get 
clogged  to  a  certain  extent,  thus  reducing  the  air  pressure  at  that 
drill  and,  therefore,  the  work  done  during  that  shifty  Iron  rust 
comes  from  the  pipes  and  liner  particles  may  pass  the  screen  and 
cause  wear  in  the  drill.  Attention  to  these  and  other  similar  con- 
siderations contributes  to  faster  and,  therefore,  cheaper  penetration 
of  headings,  etc.  In  cold  countries,  where  the  air,  hot  when  com- 
pressed, cools  off  in  transit  to  the  work  place,  it  is  worth  while  to 
have  a  heater  to  heat  the  compressed  air  just  before  use — that  is, 
as  near  the  face  as  ventilation  will  permit ;  some  25  of  80  per  cent 
efficiency  is  gained  that  way. 

Capt.  O.  A.  Schnelhnajin  :  It  is  abundantly  evident  that 
every  aspect  of  this  project  was  carefully  planned,  the  points  made 
below  being  requests  for  enUghtenment  rather  than  criticisms. 
What,  for  instance,  was  the  reason  for  adopting  the  pyramid  cut 
in  an  8-ft.  by  8-ft.  heading  ?  The  pyramid  is  much  more  difficult  to 
drill  than  the  wedge,  particularly  with  hand-held  machines  and  it 
is  doubtful  whether  an}-  limestone  requires  it.  This  doubt  is 
supported  by  reference  to  Fig.  5,  from  which  it  can  be  deduced  that 
the  easers  were  left  with  a  burden  of  nearly  three  feet,  yet  they 
broke.  Moreover,  only  20  holes  were  needed  for  the  whole  round. 
What,  again,  was  the  reason  for  adopting  so  short  a  round  as  5-ft. 
in  a  15-ft.  wide  heading  ?  Possibly  the  answer  to  this  is  the  over- 
riding desirabihty  of  completing  the  entire  cycle  in  a  shift,  since  it 
is  evident  from  the  remarks  on  p.  4  that  the  machines  were  quite 
capable  of  drilling  8-ft.  or  even  10-ft.  to  12-ft.  holes. 

The  use  of  the  diamond-drill  for  drilling  blast -holes  is  still 
sufficiently  novel  to  excite  special  interest  and  from  other  publica- 
tions on  the  subject  it  is  fair  to  assume  that  more  difficulties  were 
met  with  (especially  in  connection  with  the  bits)  than  Major 
Wilson's  brief  remarks  on  this  aspect  would  lead  one  to  suppose. 
Were  any  designs  other  than  the  solid  concave  tried  before  this 
was  adopted  ?  Has  the  author  any  criticisms  to  make  of  this 
design,  or  any  suggestions  for  alternatives  ?  It  has  been  noted  as 
one  of  the  disadvantages  of  the  solid  bit  that  the  groat  difference  in 
linear  speed  between  the  central  and  peripheral  stones  causes  very 
iweven  wear.    Evidently  this  difficulty  was  encountered  on  The 
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Rock,  as  it  is  stated  that  *  ...  in  course  of  the  work  some  of  the 
diamonds  needed  re-setting'.  Which  stones  most  commonly 
needed  re-setting  ?  One  mining  company  experimented  with  a 
removable  central  insert  to  minimize  this  problem.  The  author 
refers  to  *  diamonds'.  Were  any  comparative  tests  between 
carbons  and  bortz  possible,  and,  if  so,  with  what  results  ?  Finally, 
it  would  be  interesting  to  have  more  details  of  the  Speed  rods  and 
of  the  special  feed  screw,  as  well  as  of  the  feed  ratio — ^revs.  per 
inch  of  forward  travel. 

Mr.  I.  W.  Morley  :  The  appUcation  of  modem  underground 
mining  practice  to  military  engineering,  as  illustrated  in  Major 
Wilson's  informative  paper,  is  of  interest  to  all  mining  men  and, 
particularly,  should  provide  a  valuable  addition  to  the  growing 
literature  on  blast-hole  drilling.  Probably  many  of  the  points 
raised  in  the  present  contribution  will  have  been  brought  forward 
in  the  discussion  ;  however,  at  the  expense  of  possible  reiteration, 
it  is  desired  to  mention  some  of  the  features  that  are  most  striking 
to  a  civihan,  whose  main  activities  are  concerned  with  safety  and, 
as  an  observer,  the  development  of  blast-hole  drilling  at  Mount 
Isa  (Queensland)  during  the  war  period. 

As  an  advocate  of  '  safe  practice '  it  is  disappointing  to  learn 
that  the  Army  has  not  yet  discarded  *  dry  *  drilling.  Whatever 
may  have  been  the  advantages  of  simplicity  in  retaining  *  dry  * 
jack-hammers,  the  production  of  rock  dust  by  drilling  without  any 
suppression  devices  is  basically  wrong  and  it  is  surprising  to  learn 
that  the  raining  engineers  in  the  Royal  Engineers  did  not  insist 
on  the  use  of  wet  machines.  Though  no  injurious  effects  from  the 
limestone  dust  were  disclosed  in  the  X-rav  chest  examinations  it 
cannot  be  denied  that  all  rock  dust  should  be  suppressed,  if  only 
in  the  interests  of  good  practice.  This  is  particularly  desirable, 
since  the  1939-45  Gibraltar  experience  will  no  doubt  guide  future 
military  engineering  practice  and  military  engineers  without  mining 
training  may,  from  lack  of  knowledge,  use  *  dry  *  machines  in  sili- 
ceous ground.  The  problem  of  using  salt  water  for  dust  suppression 
on  The  Rock  is  noted,  but  notwithstanding  such  a  local  difficulty 
it  is  to  be  hoped  in  this  respect  that  military  practice  will  shortly 
be  raised  to  civilian  standards.  It  would  also  be  of  interest  to 
learn  whether  the  broken  rock  was  *  wetted  down  '  after  firing  and 
during  shovelling.  In  this  connection  it  should  be  mentioned  that 
the  conversion  of  a  8.L.9  *  dry  '  Handril  to  the  '  wet '  model  is  a 
relatively  simple  and  inexpensive  job  and  few  extra  spare  parts 
need  be  carried.  Li  view  of  the  adoption  of  Holman  scrapers. 
Eimco-Finlav  loaders,  and  Bovles  diamond  drills,  and  tli^  tv^!^^'*.%^tv 
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training  of  operators  for  such  modern  plant,  it  is  not  thought  that 
a  change  from  '  dry  '  to  *  wet  *  machines  is  a  serious  problem. 

It  is  noted  that  <irifters  are  preferred  to  jack-hammers  for  driving 
and,  notwithstanding  the  excellent  performance  of  the  Handrils 
and  teamwork  of  the  crews,  it  is  thought  that  automatic  feed 
drifters  of  the  Gardner- Denver  or  Ingersoll-Band  types  might  have 
eliminated  one  pair  of  drillers  in  the  8-ft.  by  8-ft.  drives.  At 
Wiluna  (Western  Australia)  in  1988  the  writer  observed  a  regular 
advance  of  5  ft.  per  7-hr.  12-min.  shift  in  an  8-ft.  by  8-ft.  drive  in 
schist  with  a  crew  of  three  men  with  two  automatic  drifters,, 
ordinary  drill  steel,  and  an  Eimco-Finlay  loader.  The  face  was^ 
bored  out  with  from  16  to  20  holes  and  some  200  ft.  of  hand 
tramming  of  the  mullock  was  included  in  the  contract.  Ohly  those 
who  have  operated  automatic  feed  machines  can  appreciate  the 
great  saving  of  physical  exertion  ;  with  increased  mechanization 
and  the  necessity  for  labour-saving  devices  their  use  must  become 
more  widespread. 

The  illustration  of  the  Eimco-Finlay  loader  at  The  Bock  shows 
that  it  was  operating  under  the  most  suitable  conditions,  with 
relativelv  finelv  broken  rook.  With  similar-sized  material  at 
Wiluna,  KalgoorUe,  and  Mount  Isa  they  give  excellent  results. 
However,  at  ]\Iount  Isa,  where  the  ore  often  breaks  in  slabs  a 
square  foot  or  more  in  section,  it  has  been  found  that  in  such 
ground  neither  they  nor  the  somewhat  similar  Gardner-Denver 
loader  will  stand  up  to  the  heavy  work  involved  in  '  biting '  into- 
the  broken  rock.  Consequently,  at  that  mine  32-in.  hoe-typt- 
scrapers  with  16-h.p.  electric  motors,  or  54-in.  scrapers  with  85-h.p. 
motors  are  used  in  drives  with  scraper  loaders  resembling  the 
Holman  type  used  on  The  Rock.  Such  scrapers,  without  loaders, 
are  used  at  Mount  Isa  in  sub-levels,  centre  headings,  and  in  Hat 
(30°)  stopes  and  have  proved  most  valuable  in  scraping  the  ore 
into  ore  passes  and  chutes.  At  the  Phoenix  mine  of  the  Central 
Norseman  Gold  Corporation,  N.L.,  in  Western  Austraha,  where 
the  ore-body  dips  at  45°  and  less,  similar  scrapers  and  loaders  were 
extensively  used  in  both  development  and  stoping  in  1939.  However,, 
where  space  and  accessibihty  permit  its  operation,  the  Rustoii- 
Bucyrus  type  of  shovel  illustrated  in  Fi^.  23  is  to  be  preferred. 

Referring  to  the  drilling  round  used  :  it  is  thought  that  even 
better  results  would  have  been  obtained  by  using  a  *  burn  *  cut. 
instead  of  the  pyramidal  cut.  All  the  holes  being  horizontal  the 
use  of  hole  directors  would  have  been  unnecessarv,  while  the 
*  hard  homogeneous  liniesJtone  '  should  prove  ideal  for  the  use  ot 
mieh  a  cut. 
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It  is  noted  from  the  plates  that  hard  hats  were  not  worn  under- 
•ground,  which  is  again  surprising  in  view  of  the  Canadians 
-employed  and  the  availability  of  the  Army  *  tin  hat  '.  In  this 
-connection  also  one  might  ask  whether  protective  equipment — 
such  as  safety  hats,  gloves,  and  goggles — was  worn  by  the  miners. 
The  use  of  rope  (presumably  hemp)  ladders  underground,  although 
they  are  probably  standard  military  equipment,  does  not  appear 
a  desirable  practice.  For  access  to  rises  wooden  ladders  with 
steel  rungs,  or  chain  ladders,  are  much  preferable  and  almost 
universally  prescribed  by  Mines  Regulation  Acts.  Underground 
►examination  of  ropes  tends  to  be  perfunctory,  and  deterioration 
is  oftpn  undetected. 

The  use  of  diesel  lorries,  shovels,  bulldozers,  and  locomotives 
underground  is  a  forward  move  and  in  this  respect  the  R.E.  is 
in  the  vanguard  of  development.     It  indicates  the  reahzation  that 
mining  is   essentially  an   *  earth-moving '  job   and    that    earth- 
moving  equipment  and  methods  can  be  appHed  to  it.     Although 
the   use   of   diesel  locomotives   underground   has   been   common 
practice,  particularly  in  coal  mines,  for  a  number  of  years,  it  is 
only  recently  that  modem  earth-moving  equipment  has  been  used 
underground  in  other  types  of  mining.     A  paper  entitled  *  Mining 
.a  Deep  Limestone  Deposit  in  Ohio  '  appearing  in  Mining  Technology 
for  September,  1948.  describes  the  use  of  diesel  lorries  and  large 
shovels  at  a  depth  of  *2,000  ft.  in  Ohio,     in  the  Queensland  Govern' 
merit  Mining  Journal  for  July,  1945,  H.  J.  Redmond  in  an  article 
•entitled  '  Diesel  Lorry  Transport  Underground  '  describes  the  use 
oi  such  trucks  at  Mount  Morgan  (Queensland),  detailing  the  care 
jiecessarv  to  minimize  the  risks  from  carbon  monoxide  and  other 
gases.     Regarding  such  risks,  it  is  noted  that  although  excellent 
natural  ventilation  conditions  obtained  on  The  Rock  apparently 
apart  from  scrubbers  on  the  locomotives  no  special  devices  were 
installed  to  prevent  the  exhaust  gases  of  the  locomotives,  lorries, 
shovels,  and  bulldozers  from  contaminating  the  air.     Such  pre- 
•cautions  appear  desirable,  particularly  in  view  of  the  possibiHties 
of  similar  work  under  much  less  favourable  ventilating  conditions. 
Analyses  of  the  air,  its  (juantity,  and  notes  of  recorded  cases  of 
•objectionable  fumes  (if  any)  would  be  useful,  if  they  are  available. 
The  production  of  objectionable  fumes,  mainly  carbon  monoxide, 
due  to  incomplete  combustion  of  the  wrappers  of  the  long  rigid 
'Cartridges  used  in  the  blast -hole  drilling  is  also  noted.     It  would 
be  interesting  to  learn  whether  these  fumes  necessitated  any  special 
safety  precautions  in  the  clearing  of  the  spoil  after  the  blasts.     It 
is  not  unusual  to  tind  objectionable  fumes  trapped  in  large  hi^Qb:^^ 
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of  such  spoil  for  many  days  after  the  firing.  The  most  effective 
remedy  would  be  to  remove  the  cause  of  the  incomplete  combustion, 
by  the  use  of  a  length  of  instantaneous  fuse,  parallel  with  the 
charge  of  gelignite  in  the  blast  hole. 

Considering  the  ventilation  problem  of  the  development  ends 
and  the  use  of  rubberized  ducting  (commonly  known  in  Australia 
and  the  United  States  as  *  Ventube')  and  Aleco  fans,  it  would 
have  been  useful  if  the  capacity,  water  gauge,  and  horse  power  of 
the  fans  had  been  detailed.  The  excellent  performance  of  this 
equipment  at  Gibraltar  is  not  decried,  but  comparable  results  have 
not  been  observed  in  Australia.  Long  lengths  of  ^Ventube  have 
been  found  unsuitable  as  semi-permanent  installations,  owing  to 
misuse,  both  wilful  and  accidental,  by  cutting  and  tearing  in 
handling,  etc.  However,  possibly  military  discipline  imposed  a 
higher  standard  of  care  of  equipment  on  the  miners  on  The  Bock 
than  can  be  obtained  in  metal  mines.  At  Mount  Isa  in  develop- 
ment ends  the  use  of  16-in.  diameter  galvanized  tubing  has  been 
found  more  satisfactory,  and  in  the  long  run  more  economical, 
than  Ventube,  save  for  the  last  100  to  160  ft.  up  to  the  face,  even 
though  natural  ventilation  was  subsequently  established  and  the 
line  of  galvanized  tubing  dismantled.  At  The  Bock  the  Meco  fans 
doubtless  sufficed  to  deUver  at  the  face  the  required  volume  of 
air  through  an  1,800-ft.  length  of  ducting,  in  view  of  the  equitable 
temperatures  obtaining  underground.  Wherever  air-conditioning 
equipment  has  been  installed  to  reduce  underground  temperatures 
in  metal  mines  it  has  been  found  that  reduction  in  both  temperature 
and  humidity — however  important — ^is  necondary  to  maintaining 
a  large  volume  of  unoontaminated  air  at  the  face.  At  Mount  Isa, 
with  rock  temperatures  exceeding  90°  F.  on  the  lower  levels,  it  is 
found  necessary  regularly  to  instal  booster  fans  in  series  at  800  to 
600  ft.  intervals  along  the  line  in  order  to  ensure  sufficient '  coolth  ' 
at  the  face  of  long  development  drives.  Such  booster  fans  are  of 
4,000  c.f.m.  capacity  at  6-in.  w.g.  2,850  r.p.iii..  and  are  driven  by 
a  6-h.p.  motor. 

Amplifying  the  desirability  of  safe  practice  in  military  engineering 
it  is  understood  that  the  United  States  Corps  of  Engineers  has  a 
safety  branch.  Safety  is  a  special  study  requiring  the  direction  of 
full-time  enthusiastic  officers  and  the  co-operation  of  all  concerned. 
Good  safety  practice  gives  results  by  increasing  production,  whether 
it  be  of  ore  or  storage  chambers.  -  If  such  a  branch  of  the  Boyal 
Engineers  is  not  already  operating,  it  is  suggested  that  tb^ 
Institution  might  care  to  make  suitable  represeutations  to  the 
War  Office  for  its  estabUshment. 
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Probably  the  most  important  technical  advance  detailed  in  the 
paper  is  the  use  of  blast-hole  driUing  to  control  the  safety  and 
shape  of  large  excavations  and  in  this  respect  the  R.E.  with  their 
peculiar  problem  of  removing  valueless  rock  to  make  a  valuable 
storage  space  are  dealing  with  the  opposite  set  of  conditions  to 
those  of  the  mining  engineer,  who  wants  to  remove  valuable  rock 
at  the  minimum  of  cost  and  is  relativelv  unconcerned  with  the  final 
shape  or  safety  of  the  excavation  left,  provided  wall  dilution  or 
collapse  are  avoided.  However,  the  success  of  the  R.E.  in  this 
job  will  inspire  the  profession  to  tackle  similar  jobs  in  pump 
chambers,  underground  magazines,  etc. 

Although  blast-hole  drilling  with  diamond  drills  is  now  the 
accepted  practice  in  large  metal  mines  with  suitable  ore-bodies, 
the  published  literature,  apart  from  the  Canadian,  Australian,  and 
lihodesian  references  given,  has  been  unfortunately  scanty.  The 
brochure  *  Blast  Hole  Diamond  Drilling  *,  by  Olaf  V.  Lindqvist 
and  pubhshed  by  J.  K.  Smit  &  Sons  Inc.  in  1944,  gives  a  good 
summary  of  Canadian  and  American  practice  to  that  date,  whilst 
the  October,  1945,  issue  of  the  Engineering  and  Mining  Journal 
has  a  most  interesting  tabulation  of  the  present  practice  at  many 
mines.  Becently  the  manuscript  of  a  report  has  been  seen,  which 
it  is  hoped  will  be  pubhshed  shortly  in  AustraUa  ;  this  report  has 
been  written  by  an  Australian  mming  engineer  who  spent  three 
months  last  year  in  North  America  making  a  special  study  of 
blast-hole  drillingp««in  addition  the  writer  has  been  privileged  to 
watch  the  progress  of  this  method  at  Mount  Isa,  where  pillar 
robbing  and  st oping  by  diamond  drills  was  introduced  in  1989  and 
where,  since  1942,  blast-hole  drilling  has  been  used  for  all  ore 
broken  at  this  major  producer,  save  terminal  and  flanking  pro- 
jections of  the  ore-bodies,  which  are  benched  with  jack-hammers. 

Examining  Major  Wilson's  experience  it  is  noted  that  li-in. 
holes  were  drilled  ;  these  are  larger  than  the  average,  and  since 
only  IJ-in.  and  IJ-in.  diameter  explosive  in  rigid  containers  was 
used  the  necessity  for  large  holes  is  not  apparent.  Metal-mining 
practice  has  established  (especially  at  Mount  Isa)  that  it  is  desirable 
to  concentrate  the  charges  in  blast-hole  drilling  in  order  to  obtain 
good  fragmefitation.  The  use  of  rigid  containers  much  smaller 
than  the  hole  prevents  proper  tamping  and  concentration  of  the 
charge.  If  rigid  containers  were  necessary  (Mount  Isa  in  holes 
more  than  100-ft.  long  has  not  used  them)  it  would  appear  that  they 
should  have  been  of  l|-in.  or  1-ft-in.  diameter  in  H-in.  holes.  The 
larger  diameter  holes,  admittedly,  have  less  tendency  to  deviate 
from   their  course,   but,  irrespective  of  hole  size,  T[ie\.«\-\CL\iv\xv%. 
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practice  favours  the  use  of  fuli-pize  cartridges  of  explosives,  and  in 
some  cases  the  use  of  ccjinpressible  cartridges,  such  as  *  Tamptite ', 
in  blast  holes,  so  as  to  fill  the  hole.  At  The  Rock,  where  distri- 
bution of  the  breaking  eflfect  along  the  length  of  the  hole  was 
important,  the  same  result  might  have  been  obtained  with  com- 
pressible explosive  and  wooden  spacers,  if  the  total  charge  of  a 
hole,  full  of  explosive,  was  too  great.  Mount  Isa  has  found  most 
valuable  the  use  of  a  length  of  instantaneous  fuse  ('  Primacord  '  or 
*  Cordtex  ')  along  the  side  of  the  hole  with  the  explosive  tamped 
tight  beside  it.  In  the  siliceous  dolomite  copper  ore-bodies  of 
that  mine  explosive  consumption  in  secondary  blasting  has  been 
heavv  and  the  use  of  instantaneous  fuse  has  notably  increased  the 
fragmentation.  In  addition  the  question  of  placing  the  detonator 
at  the  top  or  bottom  of  the  hole  does  not  arise  and  only  one 
detonator  is  used.  The  use  of  this  fuse  gives  a  very  high  detonation 
wave  and  shattering  effect.  It  is  thought  that  on  The  Bock  such 
a  fuse  and  compressible  cartridges  would  have  reduced  the  explosive 
consumption  or  alternatively  permitted  a  wider  spacing  of  the 
holes.  Major  Wilson  has  emphasized  the  desirability  of  instan- 
taneous blasting  and  it  is  remarkable  that  the  Boyal  Engineers 
did  not  try  instantaneous  detonating  fuse  for  interconnecting  and 
firing  the  charges  since  '  Fuse,  instantaneous  '  is  a  standard  Army 
issue.  Such  fuse  may  be  fired  by  either  ordinary  detonators  and 
safety  fuse  or  by  electric  detonators  and  exploders. 

In  view  of  the  almost  universal  use  of  pre-cast  diamond  drill 
bits  in  blast -hole  drilling  in  metal  mining  it  is  surprising  to  learn 
that  the  bits  on  The  Eock  were  handset.  Was  it  not  practicable 
to  fly  out  pre-cast  bits  from  England  ?  The  use  of  stellite  for 
hard-facing  calyx  or  other  bits  in  coal-core  drilling  has  been  the 
practice  in  Queensland  and  elsewhere  for  more  than  25  years, 
w^hile  during  the  past  ten  years  cemented  carbides  of  tungsten 
have  been  used  for  the  same  purpose.  However,  in  the  writer's 
opinion,  such  tungsten  alloys  and  carbides  can  never  compete  with 
diamonds  in  blast-hole  drilHng  in  the  hard  rocks  of  metal  mines. 

The  difficulties  experienced  in  keeping  the  long  diamond  drill 
holes  true  in  direction  and  grade  are  appreciated.  As  a  matter  of 
inforijiation  it  is  of  interest  to  note  that  at  Mount  Isa,  in  core 
drillinj^'  long  holes  (300  ft.  to  1,100  ft.)  from  the  hanging-wall  across 
steeply-dipping  beds  of  generally  unifonn  composition,  it  was  found 
that  the  holes  tended  to  droop  or  rise,  as  the  case  may  be,  st)  as  to 
become  normal  to  the  dip  of  the  beds.  This  nile,  which  of  course 
does  not  iK^ld  if  the  holes  pass  into  a  dit^Vrent  class  of  rock,  may 
have  some  bearing  on  the  dip  of  the  holes  at  Gibraltar,  if  they  were 
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drilled  normal  to  the  strike  of  the  limestone  beds.  Xo  comparable 
information  is  available  cpncerning  directional  deviation  from  line 
in  blast  holes,  but  their  readv  deviation,  one  wav  or  another, 
unless  a  coring  bit  is  used,  is  the  principal  reason  for  the  recent 
trend  to  hmit  their  length  to  60  ft.  or  thereabouts  in  metal  mining* 
Licidentallv  it  mav  be  mentioned  that  the  140-ft.  blast  holes  drilled 
at  The  Kock  are  among  the  longest  of  such  holes  so  far  used.  Both. 
Mount  Isa  and  Aldermac  (Canada)  in  recent  years  have  successfully 
blasted  holes  from  100  ft.  to  130  ft.  in  length,  but  this  was  done  in 
pillar  robbing,  ilven  in  pillar  robbing  shorter  holes  are  now 
preferred  wherever  the  overall  cost  permits. 

It  would  be  interesting  to  learn  whether  the  R.E.  attempted  to- 
cut  the  slots  at  the  ends  of  the  chambers  with  blast  holes.  Prom 
experience  at  Mount  Isa  it  is  beheved  that  the  slots  on  The  Rock 
could  have  been  cut  in  this  manner,  with  a  fan  of  holes  from  a 
central  set-up,  with  a  great  saving  of  labour.  In  the  same  way 
once  the  central  drive  and  cross-cuts  at  either  end  of  the  chamber* 
illustrated  in  Figs.  11  and  12  had  been  driven  the  undercutting^ 
could  have  been  done  by  blast  holes,  successively  firing  off  the 
*  slashes  '.  Undercuts  at  Mount  Isa  have  been  similarly  excavated* 
In  the  same  manner  the  2nd  Operation  in  Fig.  17  could  have  been 
slashed  out  bv  blast  holes. 

^lajor  Wilson's  optimism  regarding  future  developments  in. 
diamond  drilling  for  general  underground  use  is  well  justified  and 
the  work  of  the  Royal  Engineers  at  Gibraltar  will  give  great 
impetus  to  this  practice.  In  the  same  Bulletin  as  his  paper,  Messrs* 
Botsford,  Hatton,  and  Alec  Jones,  in  their  several  contributions 
to  the  discussion  on  Mr.  Irving's  paper  on  *  Some  Aspects  of 
Rock-Drilling  Practice  (The  Witwatersrand  Goldfield)  '  all  empha- 
size the  same  point.  If  a  small  robust  high-speed  electric  diamond- 
drill  can  be  developed — and  with  the  wealth  of  wartime  engineering- 
experience  in  special  alloys  and  electric  motors  such  should  not 
be  difficult — the  writer  is  of  the  opinion  that  within  the  next  20 
years  hammer  drills  will  be  relegated  to  a  minor  r61e,  even  in 
development  headings  where  short  holes  are  the  rule.  Such  a 
drill  would  also  reduce  the  danger  from  dust  in  driUing.  Notwith- 
standing its  many  advantageous,  compressed  air  is  a  very  expensive 
medium  of  power. 

The  writer  desires  to  acknowledge  the  courtesy  of  Mount  Isa 
Mines,  Ltd..  in  permitting  the  publication  of  so  many  details  relating 
to  their  underground  practice  which  have  not  yet  appeared  elsewhere 
in  print. 
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AUTHOE'S  FURTHER  REPLY  TO  DISCUSSION 

Major  W.  H.  Wilson  :  The  contributions  to  the  discussion 
of  my  paper  by  Mr.  R.  8.  Botsford,  Capt.  G.  A.  Schnellmann,  and 
Mr.  I.  W.  Morley  having  just  come  to  hand  I  am  obliged  to  reply- 
in  the  form  of  an  addendum.  Part  of  ^Ir.  Morley 's  excellent 
contribution  is  additional  information  and  does  not  call  for  further 
comment,  while  some  of  his  points  have  already  been  dealt  with 
elsewhere.  It  is  evident,  however,  that  he  shares  with  manv 
other  members  a  misconception  or  an  uuder-estimation  of  the 
supply  and  other  difficulties  with  which  we  were  constantly  faced^ 
and  attributes  to  us,  isolated  on  The  Rock,  all  the  resources  of  an 
established  mining  field  in  peacetime.  Before  the  war  there  were 
no  mining  units  or  mining  engineers  in  the  Royal  Engineers,  so 
that  when  war  commenced  there  were  no  mining  resources.  AMiat- 
ever  was  achieved  was  the  work  of  civilian  engineers  who  had 
volunteered  for  that  purpose,  and  I  trust  that  some  attempt  'will 
be  made  to  carry  forward  the  organization  thus  laboriously  created. 

Capt.  Schnellmann  and  Mr.  Morley  comment  upon  the  cuts  used 
in  the  rounds.  The  pyramid  cut,  used  in  the  8-ft.  by  8-ft.  round* 
was  really  a  relic  from  the  time  when  fuse  blasting  was  used,  this 
fonu  of  cut  ensuring  simultaneous  detonation  of  all  the  cut  holes. 
It  is  easy  to  drill,  especially  with  the  help  of  the  hole-director. 
When  we  turned  over  to  electric  blasting  no  attempt  was  made 
to  devise  a  new  round,  as  this  small  cross-section  of  tunnel  was 
then  falling  out  of  use.  In  re-standardizing  these  rounds  the 
*  burn  '  cut,  which  is  now  receiving  widespread  attention,*  would 
obviously  merit  consideration.  WTien  I  left  The  Rock  we  were 
experimenting  with  a  diamond- drilled  *  burn  '  cut  to  connect  a 
series  of  ventilation  tuimels  with  a  system  of  big  chambers.  The 
connections  came  through  the  backs  of  these  very  high  chambers^ 
and  were,  therefore,  an  awkward  proposition.  The  plan  was  to 
blow  through  the  cut,  a  distance  of  some  25  ft.,  in  cme  blast.  We 
did  not  succeed  very  well,  the  reason  being  that  the  holes  wert^ 
spread  too  far.  It  is  to  be  regretted  that  this  plan  was  abandoned 
after  the  initial  failure.  Mining  engineers  will  be  fully  aware  of 
the  possibilities  of  the  burn  cut  and  will  welcome  all  reUablo 
mformation  about  it. 

•Davis,  A.  Savile.     *  Notes  on  the  Development  of  the  Blyvooruitzicht 
Gold  Mining  Co.,  Ltd.,  South  Africa.*     Bull.  Inst.  Min.  Met.,  Xov..   1»45. 

LoRRiMER,  J.     *  Some  Uses  of  Kxplosivea   in   Civil   Engineering  *.     J. 
Inst.  Civil  Engmeen,  JMarch,  1946. 
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I  never  doubted  the  deBirability  of  the  use  of  drifters — ^and  Mr. 
Morlev  mentions  the  latest  automatic  feed  machines — but  we  had 
"to  make  the  best  use  of  the  machines  pro\4ded.  The  wet  version 
of  the  hand-held  machine  is  a  most  uncomfortable  machine  to  use 
at  shoulder  height,  especially  to  miners  unprovided  with  the  proper 
waterproof  clothing.  The  same  supply  problem  was  at  the  back 
of  the  lack  of  miners*  helmets,  commented  upon  by  Mr.  Morley  ; 
these  were  not  received  until  early  1945,  and  were  at  once  put  into 
use.  Tin  hats  are  heavv  and  uncomfortable  and  their  use  under- 
groimd  was  optional. 

Capt.  Schuellmaun  and  Mr.  Morley  comment  upon  the  diamond- 
drilling  bits.  The  diamonds  used  were  bortz,  and  no  tests  were 
made  upon  the  shapes  of  bits  or  the  various  sorts  of  diamonds. 
That  wear  was  erratic  was  no  doubt  due,  in  part,  to  the  fact  that 
the  bits  were  handset.  The  design  I  submitted  for  the  tungsten 
carbide  bit  had  a  hemispherical  end,  with  five  inset  teeth,  but  the 
bit  eventually  suppHed  contained,  as  described  in  the  paper, 
splinters  of  carbide  set  in  an  alloy.  The  toothed  bit  would  pre- 
sumably need  a  special  sharpening  machine,  with  a  diamondiferous 
wheel.  A  wide  future  may  lie  ahead  of  bits  of  this,  and  allied, 
types. 

I  hardly  care  to  comment  upon  Mr.  Botsford's  suggested  use 
of  the  wire-saw  for  cutting  the  walls  of  excavations,  as,  although  I 
Am  conversant  with  its  use  in  quarries,*  I  find  it  difficult  to  assess 
its  possibilities  underground.  Although,  no  doubt,  the  walls  of 
very  big  chambers  could  be  cut  with  this  machine  prior  to  blasting, 
the  back  would  still  remain  as  the  dominant  factor,  for  which 
<iiamond-drill  blasting  seems  the  obvious  answer. 

I  am  quite  aHve  to  the  uses  of  detonating  fuse,  yet  unconverted 
by  Mr.  Morley's  arguments  in  its  favour.  I  favour  electric  detona- 
tion for  diamond-drill  blasting  of  the  sort  developed  on  The 
liock,  and  venture  to  doubt  his  assertion  that  the  use  of  detonating 
fuse  down  the  sides  of  the  holes  would  obviate  the  fumes  arising 
from  blasting.  Since,  as  far  as  I  know,  we  alone  used  these  rigid 
-cartridges,  ordered  specifically  for  the  purpose  at  my  request,  it 
seems  doubtful  if  ^Ir.  !Morlev*s  comments  are  based  on  observation. 
The  great  practical  advantage  in  the  use  of  rigid  cartridges,  out- 
weighing factors  such  as  filling  the  holes  completely  with  explosive, 
is  the  great  ease  of  loading  them  in  conditions  where  a  stuck 
cartridge,  with  subsequent  incomplete  loading  of  a  hole,  would 
Lave  prejudiced  the  entire  blast,  as  disaster  would  certainly  have 
followed  the  failure  of  a  single  hole. 
"^See  especially  *  Calyx  Core  Drilling  * — an  IngenoU-Kand  p\iVA\caA.\oTv. 
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Turning  to  the  tests  on  the  Meco  fans  and  ducting,  it  is  pointed 
out  that  this  type  of  rubberized  ducting  has,  at  each  end,  a  ring 
of  stiff  rubber  material,  and  junction  is  effected  merely  by  inserting 
one  ring  within  another  of  the  adjacent  length,  air  pressure  then 
expanding  the  inner  ring  to  make  an  absolutely  tight  joints  of  a 
streamhned  nature,  with  no  re-entrant  angles.  The  practical 
significance  of  this  ingenious  device  is  considerable. 
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A  Projected  Central  Mill  for  the  Durham  Fluorspar 

Industry. 

Bv  Andrew  Pearson,  Member. 

Mr.  Andrew  Pearson  :  I  have  to  record  my  thanks  to  Mr. 
W.  C.  C.  Rose  for  his  kindly  act  in  introducing  this  paper  on  my 
behalf.  In  his  position  as  Assistant  Controller  he  had  an  intimate 
contact  with  all  the  work  done  by  the  Control  and  was  therefore 
able  to  speak  with  some  authority  on  the  fluorspar  position. 

Mr.  Pryor*s  remarks  on  the  advantages  of  desliming  before 
flotation  would  have  had  more  value  if  the  mill  had  been  designed 
for  dump  material  treatment.  In  this  case,  however,  mine  ore 
was  to  be  the  feed  and  the  fines  all  carried  high  values  which  had 
to  be  recovered.  As  Mr.  Wood  pointed  out  in  his  reply,  with 
which  I  am  in  full  accord,  the  presence  of  some  secondary  slimes 
can  sometimes  prove  to  be  an  advantage  in  flotation.  Mr.  Wood 
also  dealt  with  the  query  as  to  the  relative  advantages  of  rod- 
versus  ball-mills  and  Denver  versus  other  cells  in  a  manner  on  which 
I  cannot  improve.  In  small  projects  of  this  type  economic  rather 
than  academic  considerations  influence  the  engineer  in  his  decisions. 
I  would,  however,  quite  agree  with  Mr.  Pryor  that  in  large-scale 
operations  the  relative  characteristics  of  the  various  cell  types 
should  be  carefullv  balanced  before  a  decision  is  taken. 

I  have  to  thank  Mr.  Wood  for  his  generous  appreciation  in  his 
written  contributed  remarks,  more  especially  since  I  have  drawn 
on  his  own  work  for  so  much  that  is  germane  to  the  project.  With 
most  of  the  data  he  quotes  I  am,  of  course,  acquainted,  but  I 
should  like  to  endorse  his  statement  that  in  this,  as  indeed  in  all 
other  ore  treatment  schemes,  generalization  is  dangerous  and 
every  problem  should  be  investigated  separately.  The  interpola- 
tion of  data  obtained  from  the  treatment  of  one  type  of  ore  into  a 
project  dealing  with  another,  outwardly  similar  but  inherenth' 
different,  type,  may,  and  often  does,  prove  fatal  to  the  prospects  of 
an  over-ambitious  or  too-hasty  promoter,  and  the  knowledge  that 
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lie  has  in  oousequeiice  obtained  a  dearer  appreciation  of  t  he- 
meaning   of   the   adage     *  penny   wise   poimd   foolish*     is   little 
compensation. 

Mr.  Gill's  remarks  are  very  interesting  and  raise  an  important 
point  when  he  suggests  the  fluorine  content  of  imported  phosphate 
rock  as  a  potential  source  of  fluorine  for  domestic  use.     I  had 
not  realized  tfa^t  tlie  tonnage  of  imported  rock  and,  conseqnenily, 
of  contained  fluorine,  was  so  large,  and  on  looking  into  the  matter 
was  amazed  to  see  that  in  the  United  States  of  America  the  fluorine 
content  of  their  phosphatic  ore  reserves  reached  the  figure  of* 
200,000 fiOO  ton^y  or  75  times  that  of  the  fluorine  content  of  t he- 
known  fluorspar  reserves  of  the  Illinois  and  Kentucky  deposits, 
which  carrj'  86  per  cent  or  more  of  calcium  nuoride.*      This,, 
however,  in  no  way  detracts  from  Mr.  Bose*s  statement  that 
.fluorspar  is  our^only  substantial  source  of  fluorine  in  this  country' 
and  as  such  should  be  treated  with  respect. 

In  those  phosphatic  rocks  the  average  FjVfi^  ratio  is  around 
0.11  ;  in  the  Algerian  and  North  African  phosphates  the  ratio* 
may  be  somewhat  higher — 0.12  to  0.14,  for  example. 

Mr.  Gill  has  indicated  the  condition  under  which  this  fluorine- 
exists  in  the  phosphate  rock  and  its  behaviour  in  the  course  of  the 
conversion  of  the  rock  into  superphosphate  when  much  of  it  is 
driven  off  as  gaseous  hydrofluoric  acid,  silicon  tetrafluoride,  hydro- 
fluosilicic  acid,  etc.,  in  the  presence  of  steam.  As  mentioned 
elsewhere  the  effect  of  the  presence  of  fluorine  is  to  reduce  the  citric 
acid  solubility  of  the  P^Os  content  of  the  fertilizer  and  the  elimina- 
tion of  the  fluorine  is  therefore  to  the  advantage  of  the  producer  of 
superphosphate.  I  know  that  calcination  of  the  rock  at  fairly 
high  temperatures  in  the  presence  of  steam  has  been  advocated 
and  tried,  but  I  have  no  experience  of  the  methods  of  recovery  of 
the  fluorine  so  driven  off.  As  the  main  impurity  associated  with 
any  fluorine  so  recovered  would  probably  be  silica  I  would  suggt^st 
to  Mr.  Gill  that  provided  the  silica  content  was  below  3  per  cent 
there  would  be  a  definite  place  for  such  recovered  fluorine  in  the 
non-f<*rrous  metals,  glass,  and  enamel  industries. 

Whether  the  cost  of  such  recovery  could  permit  of  direct  com- 
petition with  the  products  of  the  fluorspar  industry  is  another 
matter  and  one  which  I  am  not  in  a  position  to  answer.  I  would, 
however,  consider  that  the  fluorine  so  driven  off  would  be  in  a 
condition  to  be  more  readily  and  profitably  converted  into  fluorine 
salts,  artificial  cryolite,  etc.,  than  to  be  used  to  compete  in  open 
market  with  graded  spar  for  fluxiup:  purposes.     This,  however,  i« 
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only  an  expression  of  opinion,  with  no  actual  data  to  back  it,  but 
I  do  agree  with  Mr.  Gill  that  the  recovery  of  such  fluorine  would 
undoubtedly  be  in  the  national  interest  of  conservation. 

Mr.  F.  Bice  Michell's  remarks  show  an  appreciation  of  the  problems 
encountered.  The  decision  ti)  use  an  impact  crusher  was  based 
on  the  desire  to  obtain  as  much  jij?-size  material  as  possible  from 
the  ore,  coincident  with  the  smallest  production  of  fines.  Ii> 
other  projects  I  had  been  favourably  impressed  with  the  perform- 
ance of  the  Lightning  machine  and  for  this  reason  called  for  itj^ 
inc<^rporation  in  the  flow  sheet. 

A  certain  loss  was  anticipated  in  discarding  jig  tails,  but  the  need 
to  recover  a  high  proportion  of  the  fluorspar  for  metallurgical 
purposes  at  jig  size  made  it  necessary  to  incorporate  jigs  in  the 
circuit.  Obviously,  however,  such  a  loss  is  another  argument 
for  expediting  the  introduction  of  the  flotation  concentrate  hito 
the  metallurgical-grade  field.  These  particular  jigs  were  to  be  of 
the  hutch-discharge  type,  some  of  which  were  already  available. 
I  agree  with  Mr.  Michell  on  the  advantage  sometimes  obtained  by 
*  (^ver  sieve  '  jigging — but  not  on  friable  material. 

Mr.  ^licheirs  reference  to  the  use  of  'table  flotation'  for 
fluorspar  treatment  is  of  interest,  especially  as  he  recognizes  the 
difl&culty  in  deahng  with  the  *  fines '  by  such  means.  The 
fines,  of  course,  are  the  snag  and  that  is  why  I  feel  that  flotation 
must  constitute  at  least  a  stage  in  any  modern  fluorspar  recovery 
plant. 

In  his  contributed  remarks  Mr.  Wood  dt»als  with  the  reagents 
employed, in  his  test  work. 

The  object  of  the  thickener  between  the  grinding  and  flotation 
units  was  to  ensure  a  proper  solids/water  ratio  in  the  flotation 
feed — a  necessary  precaution  when  dealing  with  such  a  high 
concentrate-forming  ratio. 

^Ir.  Norman  Wynne's  remarks  an?  also  of  interest,  especially  in 
his  comments  on  the  physical  condition  of  the  spar  in  the  Stan- 
hopebum  lodes  and  the  tendency  to  *  tines  '  production,  which  is 
so  very  marked  and  gives  rise  to  such  trouble.  To  attempt  gravity 
treati?ii»nt  on  an  ore  which  runs  50  per  cent  minus  60-mesh  before  it 
Sees  a  crushing  plant  is  asking  too  much  and  yet  only  gravity 
methods  have  ])een  employed  in  this  district.  I  quite  agree  with 
^Ir.  Wynne  that  jigging  of  the  Stanhopeburn  ore  was  not  attractive^ 
but  the  mill  was  designed  for  ore  from  other  sources  also. 

With  regard  to  the  use  and  treatment  of  flotation  concentrates, 
the  possibility  of  employing  ground  fluorspar,  even  when  briquet  ted, 
in  a  blast  furnace  is  something  outside  my  experiewcv  \    L  1\\\\\V^ 
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Mr.  Wynne  means  an  open-hearth  or  electric  steel  fomaoe,  ui  irhklfe 
the  major  part  of  the  metallurgical-grade  spar  is  consomed.  Wb«jl|fa^ 
the  flotation  concentrates  are  briquetted  using  any  of  the  yaiMMPt  f 
,  means  of  bonding  known  to  those  experienced  in  this  type  of  woik 
or  whether  they  are  sintered  and  agglomerated — a  method  of 
treatment  long  in  existence  and  which  is  employed  daily  to  ti!ei|t 
(thousands  of  tons  of  ore  or  concentrates  on  the  DwighlrLloyd 
and  other  sintering  furnaces  throughout  the  world — is  aimply  j^ 
matter  of  individual  preference  and  local  faciUti^.  ,    i| 

Mr.  Dawson  mentions  the  advantages  tp.the  locality,  in  ,9viqp  'i 
.  employment  if  such  a  scheme  could  be  put  through,  and  bos  jcelermce 
to  the  ancilliary  probleau  of  baiytes  recove^r  by  flotaiiicm.  !• 
opportune.  Mr.  Dawson  has  recently  carried  out  tests  on  Iwytoa 
ore^trom  various  localities  and  has  been  able  to  obtain  Igr  flptatipp 
quite  useful  results,  both  with  respect  to  grade  and  reeoT^^  . 

I  agree  with  Mr.  Hohnen  that  it  is  a  pity  that  this  scheme  xemajip 
a  'paper  project'.  Had  it  gone  through  its  value  mis^t  npt 
have  been  measured  only  by  its  own  economic  balance  sheQ^^.but^  ^ 
Mr.  Hohnen  rightly  says,  in  serving  as  a  blue  print  it  mig)it  liaw 
had  a  considerable  influence  on  the  reawakening  and  devdoppMot 
of  the  home  non-ferrous  mining  industry. 
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VISIT  TO  BILUNGHAM. 

By  the  courtesy  d  Imperial  Chemical  Induetriee,  Limited,  Billii 
Division,  and  Mr.  Q.  Eland  Stewart,  Assoc.  Inst.  M.M.,  Agent  and  Managsr 
of  the  Billingham  Mine,  permission  has  been  given  for  a  patty  of  membecs 
ol  the  Institution  to  visit  the  anhydrite  mine,  sulphnrio  aoid  plants  and 
■olphate  i^ant  at  BUlingfaam,  Oo.  Durham,  on  Wednesday,  25th  8eptember» 
1946. 

Owing  to  limited  hotel  acconmiodation  and  the  diffioalty  of  conducting 
a  larger  party  imderground,  the  number  of  the  party  is  restricted  .to  25. 

Arrangements  are  being  made  as  follows  : — 
Tfteaday,  September  2^h :    Party  arrives  at  Redcar ;    dinner  at  Coathank 

Hotel,  followed  by  a  short  talk  on  the  mine  and  chemical  works  by  Mr. 

Eland  Stewart,  Dr.  Dunn,  and  Mr.  Child*  of  LCI.,  Ltd. 
Wedneaday,  Sepiember  25<4 :  9  a.m.,  leave  Redcar  by  private  bus ;   10  ajii» 

to  12.80  p.m.,  visit  to  mine  (scraper  loading,  face  drilling  and  ^rlnstir^ 

soaffold  repairs  on  high  roof,  stoper  driller) ;  12.80  p.m.,  visit  to  sulphuric 

aoid  plant.    Lunch  at  Billingham ;    3  p.m.,  visit  to  sulphate  plant. 

Tea  at  Billingham,  after  which  questions  on  mine  and  snlphuzie  aoid 

and  sulphate  plants  will  be  answered  by  the  Section  Managers ;   6  pjoa.^ 

return  to  Redcar  for  dinner. 
Thurtdap,  September  29ih :  Breakfiut  at  Redoar ;  party  then  diqpersea. 
The  i^pproximate  cost  of  accommodation  and  meals  at  Redoar  and  transport 
from  Redcar  to  Billingham  will  be  £2  per  person.  In  order  to  keep  the 
party  compact  and  enable  the  full  programme  to  be  carried  out,  the  party 
will  stay  at  the  hotels  at  Redcar  where  accommodation  has  been  reserved. 
Members  who  wish  to  join  the  party  are  requested  to  write  to  the  Secretaiy 
of  the  Institution  as  soon  as  possible. 

A  short  account  of  the  Billinghcun  mine,  by  Mr.  Eland  Stewart,  will 
be  published  in  the  September  isBue  of  the  BuUetin. 


MEMBER  OF  COUNCIL   FOR  MALAYA. 

Under  the  pro  visions  of  Section  IV,  Clause  7,  of  the  By-Laws,  the  Council 
at  their  Meeting  on  June  13th,  1946,  elected  Mr.  J.  D.  Mecul  as  Member  of 
Council  for  Malaya  to  fill  the  vacancy  caused  by  the  resignation  from  the 
Council  of  Mr.  J.  H.  Rich. 

Mr.  Rich,  Director  and  General  Manager  of  Tronoh  Mines,  Ltd.,  and 
Ayer  Hitam  Tin  Dredging,  Ltd.,  has  been  Member  of  Council  for  Malaya 
since  1943,  but  has  resigned  from  the  Council  in  order  that  their  represen- 
tative might  be  someone  actually  resident  in  Malaya.  Mr.  Mead  is  senior 
partner  in  the  firm  of  Messrs.  Osborne  A  Chappel,  Ipoh,  Perak. 


BALLOTING  LIST  FOR  ELECTION  OF  MEMBERS  OF  COUNCIL. 

The  Council  wish  to  draw  the  attention  of  Members  and  Associates  to 
Section  IV,  clause  6,  of  the  By-Laws,  which  contains  the  following  pro- 
vision :  '  The  Council  shall  receive  the  name  of  any  Member  or  Members, 
submitted  in  writing  by  any  Member  or  Associate  previous  to  November 
Ist  in  any  year,  and  shall  decide  by  ballot  upon  the  inclusion  thereof,  or 
otherwise,  in  the  balloting  list  *. 

Any  Member  or  Associate  who  wishes  to  suggest  a  name  for  indurion 
in  the  balloting  list  for  the  election  of  Members  of  Council  for  the  Qemkm 
1947-48  is  requested  to  notify  the  Secretazy  of  the  Institution  before 
November  1st,  1946. 
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CANDIDATES  FOR  ADMISSION. 

The  Councii  welcome  communications  to  assist  them  in  deciding  whether  the 
qualifications  of  Candidates  for  Admission  into  the  Institution  fulfil  the  require' 
ments  of  the  by'Laws, 

The  Application  Forms  of  Candidates  for  Meml}ership  or  Assoclateship  will  be 
o^en  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  two 
months  from  the  date  of  the  Bulletin  In  which  their  applications  are  announced. 
The  following  have  applied  for  transfer  since  May  9th,  1946  : — 

To  ]Vi£MBEB8HIF 

Hut<:hin,  Frank  {Camborne^  Comiuall). 

Macpherson,  Eric  Ogilvy  {Wellington,  New  Zealand), 

.  To  ASSOCIATESHIP — 

Bath,  Silehs  James  {Camborne,  Comtoall), 

Buchanan,  Douglas  {Ditnedin,  New  Zealand). 

Cullen,  Matthew  Graeme  {Randjontein,  Transvaal). 

Delmi6-Radcliffe,  Peter  Audley  {Aldboitme,  Wiltshire). 

Haddon,  Michael  de  Fenton  {Johanneshtirg,  Transvaal). 

Kay,  Francis  Robert  {Chalfont  St.  Peter,  Buckinghamshire) 

Monro,  Donald  Francis  {London). 

Nicholls,  WilUam  {Accra,  Gold  Coast). 

Pullar,  William  Alexander  {Dunedin,  New  Zealand). 

Wilson,  Charles  James  White  {Cfatooma,  Southern  Rhodesia). 
The  following  have  applied  for  admission  into  the  Institution  since 
May  9th,  1946  :— 
To  Membbrship — 

Neustatter,  Alfred  {London). 

To  ASSOCIATESHIP 

Harvey,  Greorge  {Jedda,  Saudi  Arabia). 

Morgan,  Thomas  Oliver  {Muxinza,  Tanganyika  Territory). 

O'Connor,  Eugene  Roderic  Carrington  {Maraisburg,  Transvaal). 

Pearson,  George  Matthew  {Nova  Lima,  Brazil). 

Rowe,  James  Henry  {Oruro,  Bolivia). 

Sheridan,  Gerald  Derek  {Avoca,  Eire). 

Williams,  Samuel  Doncem  ( West  Wittering,  Sussex). 


TRANSFERS  AND   ELECTIONS. 

The  following  have  been  transferred  (subject  to  confirmation  in  accordance 
-with  the  conditions  of  the  By-Laws)  since  May  9th,  1946  : — 
To  Membership — 

Farrington,  John  Leonard  {Royal  Engineers). 

Park,  James  Williamson  {Tarkwa,  Gold  Coast). 

Tasker,  Richard  Beaumont  {Heidelburg,  Transvaal). 

To  ASSOCIATESHEP 

Cowlin,  William  Ronald  {Royal  Engineers). 
Eisner,  Kurt  {Wembley,  Western  Australia). 
Job,  Arthur  Leslie  {Camborne,  ComwcM). 
Nicholson,  George  Lionel  {Royal  Engineers). 
Pratt,  Norman  {Thames,  New  Zealand). 
Wright,  John  Richard  {Randfoniein,  Transvaal). 
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TRANSFERS  AND  HLECTIQNS    cmUwmd. 

The  iQUowing  li»v*  been  «leoted  (labjiqt  to  conflmutfaon  in  aooQnkiM» 
theoooditibiisof  thoBy-LMn)iiiio»|Iay.9th«  1M6:— 

To    Mmm  niB^girrp — 

Nayior,  Tbeodoie  Riifa»  (Jioyal  Aw  Font). 

Pooflibi,  Joan  M..  J.  de  Ia  VaU^  (j|^p(iiMivT«V«nir^  TMrifory). 

TUbot.  Harold Lacoy  {KUwe^Norfhrnn  J^hodtma). 
To  AaaocKATEsaxt — 

Allen,  Lawrence  Wilcock  {Chinffola,  Northern  Rhod$sia), 

Bolton,  Cedrio  Michael  Qrey  {Maid^<m$t  Keni). 

ChriBtie,  John  (KUwe,  Northern  Bhodtaia). 

Foster,  Dou^jLaa  Frank  {Donceuier,  Yorkshire). 

lAinba,  Bhag  Singh  {Khewrot  India). 

Paver,  (Gordon  Lyall  (Johatmesbwy,  Trantpaal). 
To  8'ruj>im'XHim' — 

Daniel,  Kenneth  Edward  {Binningham^  WarvfiekMre), 

Eari,  Stephen  James  (London), 

Edwards,  Richard  Gharies  John  (AuAey,  Hertfordshire), 

Follows,  Edward  Arthur  {Birmingham^  Wartpiekshire). 

Groodwin,  James  (Derby), 

Quarm,  Thomas  Al£red  Arthur  (London). 

Rao,  C.  £.  Narayaaa  (B€umfang%»di,  8ouih  India). 


NEWS  OF  MEMBERS. 

Mtmbert,  Aasoclatet  and  Students  are  /nirltttf  to  supply  tha  Stcrttaiy  wM^ 
personal  news  for  publication  under  this  heading. 

Mr.  J.  B.  Alexander,  Associate,  has  left  England  on  his  return  to  th» 
Geological  Survey,  Malaya. 

Mr.  H.  £.  AixEN,  Member,  has  left  the  Gold  Coast  for  South  Africa  on 
leave,  and  expects  to  return  to  London  in  the  autumn. 

Mr.  G.  P.  Anderson,  Associate,  has  been  demobilized  and  has  returned 
to  his  former  appointment  at  Barberton,  Transvaal. 

Mr.  D.  G.  Arkstroko,  Associate,  has  returned  to  England  from  the  GU>ld 
Coast. 

Mr.  G.  C.  Barnard,  Member,  has  returned  to  Nairobi  via  Southern. 
Rhodesia  and  the  Northern  Rhodesian  copper  belt  after  a  five  months' 
visit  to  Johannesburg. 

Mr.  R.  D.  F.  Barry,  Associate,  has  been  transferred  from  A.  O.  (Nigeria)* 
Ltd.,  to  A.  O.  (Malaya),  Ltd.,  and  has  arrived  at  Selangor. 

Captain  P.  C.  M.  Bathurst,  R.E.,  Student,  has  returned  from  Burma,  and 
expects  to  be  demobilized  in  the  autumn. 

Mr.  R.  G.  Berghan,  Associate,  formerly  a  prisoner  of  war  in  Manila, 
has  returned  to  New  York  City. 

Mr.  J.  G.  Berry,  AssocicUe,  has  joined  the  staff  of  the  Indian  Copper 
Corporation,  Ltd. 

Mr.  H.  O.  Berrymax.  Associate,  has  left  England  to  join  the  Mines^ 
Department,  Tanganyika  Territory. 

Mr.  J.  M.  Birkreck,  Student,  has  been  demobilized  and  has  returned 
to  England. 
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NEWS  OF  MBMBERS-cofiltmied. 

Mr.  C.  W.  F.  BoKD,  Associate,  has  left  England  for  the  Gold  Coast. 

Mr.  R.  K.  BoRiQHT,  AaaodcUey  has  been  released  from  the  South  African 
Forces  and  has  returned  to  Springs,  Transvaal. 

Mr.  A.  V.  Bradshaw,  Student,  is  leaving  En^^and  to  join  the  staff  ci 
Messrs.  Mason  &  Barry  in  Portugal. 

Mr4  R.  T.  Brandt,  Aaeociaie,  is  now  at  Springs  Mines,  Transvaal. 

Mr.  Leonard  G.  Brown,  AesockUe,  has  left  the  Directorate  of  Opencast 
Coal  Production  and  has  joined  the  staff  of  African  Manganese  Co.,  Ltd., 
Gold  Coast. 

Mr.  I.  F.  Cairns,  AasocicUe,  has  been  demobilized  and  has  returned  to 
Johannesburg. 

Mr.  R.  L.  Carlton,  Student,  has  been  demobilized  on  his  return  from 
Burma. 

Mr.  J.  Chynoweth,  Junior,  Student,  has  left  England  for  Malaya  to 
rejoin  the  staff  of  Messrs.  Osborne  &  Chappel. 

Mr.  H.  A.  Cochran,  Mender,  has  returned  to  Scotland  on  leave  from 
Nigeria. 

Mr.  W.  H.  Collins,  Aasociate,  has  returned  to  England  from  Nigeria. 

Mr.  F.  F.  CoNSiDiNiE,  Aeaociate,  has  joined  the  staff  of  Messrs.  Mason  & 
Barry  at  Mina  de  San  Domingos  in  Portugal. 

Mr.  W.  S.  CooMBBS,  Aaeociaie,  has  left  England  to  return  to  Malaya. 

Major  W.  R.  Cowlin,  R.E.,  Associate,  has  returned  to  India  for 
demobilization,  after  which  he  will  resume  his  appointment  as  under- 
ground  agent  with  Champion  Reef  Gold  Mines  of  India,  Ltd. 

Dr.  D.  A.  Br3m  Davies,  Associate,  has  arrived  in  Jamaica  from  England. 

Mr.  A.  W.  H.  Dean,  C.I.E.,  M.C.,  Associate,  Chairman  of  Delhi  Improve- 
ment Trust,  has  been  made  a  Knight  Bachelor  in  the  King's  Birthday 
Honours. 

Mr.  C.  C.  Dell,  Student,  has  left  England  to  join  the  staff  of  Mufulira 
Copper  Mines,  Ltd. 

Mr.  J.  B.  Dennison,  Member,  is  returning  to  England  from  frioa. 

Mr.  J.  Descraques,  Associate,  has  left  Malaya  on  his  retu;  ^uice. 

Dr.   J.   V.   N.   Dorr,   Member,    has    been    in    Germany  "^tiog 

developments  in  hydro-metallurgy,  and  expects  to  return  '.  ^d 

States  via  London  about  the  middle  of  July.  ^ 

Mr.  A.  S.  Dt:nstan,  Student,  has  left  England  for  Nigeria  to  tb. 
post  with  the  Kaduna  Syndicate,  Ltd. 

Mr.  W.  J.  Dyack,  Associate,  has  taken  up  the  appointment  of  Engines 
to  the  Nairobi  District  Council. 

Mr.  S.  J.  Earl,  Student,  has  left  England  to  join  the  staff  of  Frontino 
Gold  Mines,  Ltd. 

Mr.  D.  Eastmond,  Associate,  has  left  England  for  the  Transvaal. 

Major  J.  C.  Erskine,  R.E.,  Associate^  has  returned  to  England  from 
Palestine  for  demobilization. 

Major  J.  S.  Everitt,  Student,  has  received  his  majority  in  Queen  Victoria's 
Own  Sappers  and  Miners. 

Mr.  W.  E.  Everitt,  Associate,  has  left  England  to  return  to  } 
Inspector  of  Mines,  Malaya. 


Vm      THB  INSTITUTION  OF  KDSmXQ  AND  MBTAIJJTTBaY. 

NEWS  OF  MEMBERS— con/mued. 

Mr.  J.  L.  Farrinoton,  Member,  has  been  releeused  from  the  Army  and 
will  shortly  leave  England  for  Nigeria,  where  he  expects  to  remain  for 
some  weeks. 

Captain  F.  A.  Feilden,  R.E.,  Student,  has  joined  the  R.E.  Branch* 
Headquarters,  Rhine  Army. 

Mr.  D.  A.  Gee,  Aaaociate,  formerly  an  internee  in  Malaya,  has  arrived  in 
England,  and  expects  to  rejoin  the  staff  of  Gopeng  Consolidated,  Ltd., 
later  in  the  year. 

Mr.  S.  Gray,  Student,  has  joined  the  staff  of  the  Caribbean  Petroleum 
Co.,  Venezuela. 

Mr.  F.  R.  H.  Green,  Aawciette,  has  arrived  in  England  from  British 
Guiana  on  leave,  prior  to  taking  up  his  new  appointment  as  Chief  Inspector 
of  Mines,  Sierra  Leone. 

Mr.  D.  W.  J.  Grey,  Member,  has  arrived  in  England  from  Brazil. 

Mr.  T.  Haden,  As80ci4Jte,  who  was  interned  by  the  Japanese,  is  now 
recuperating  in  Batavia.  He  hopes  to  return  to  his  former  post  when 
poUtical  conditions  allow. 

Mr.  G.  F.  Hatch,  Associttte,  has  joined  the  staff  of  Roan  Antelope  Copper 
Mines,  Ltd.  at  their  Johannesburg  office. 

Mr.  S.  Haymss,  Associate,  has  left  India  for  England  on  his  appointment 
as  manager  of  British  Guiana  Consolidated  Goldfields,  Ltd. 

Mr.  H.  C.  Herbert,  Associate,  has  arrived  in  Englemd  on  furlough  from 
India. 

Mr.  F.  B.  Hiooins,  Associate,  Chief  Inspector  of  Mines,  Gold  Coast,  was 
awarded  the  O.B.E.  in  the  King's  Birthday  Honours. 

Mr.  N.  A.  B.  Hn.T.,  AssocicUe,  has  left  England  to  join  the  staff  of  the 
Indian  Copper  Corporation,  Ltd. 

Mr.  W.  E.  HosKiNO,  Member,  has  arrived  in  England  on  his  return  from 
India. 

Mr.  L.  G.  Hutchison,  M.C,  Member,  has  left  London  for  the  Gold  Coast, 
and  expects  to  be  away  for  a  year. 

Dr.  F.  T.  Ingham,  Associate,  has  left  England  on  his  return  to  Malaya. 

Mr.  Cv.  R.  Jones,  AssocicUe,  has  joined  the  staff  of  the  General  Sandur 
Mining  Co.,  Ltd.,  South  India. 

Mr.  J.  A.  Kennedy,  AssocicUe,  has  left  England  on  his  appointment  to  the 
Metallurgical  Branch,  Economic  Division  of  the  Control  Commission  for 
Germany. 

Mr.  P.  F.  F.  Lancaster -Jones,  Student,  has  bc^en  released  by  the  Army 
in  order  to  continue  his  studies  at  the  Royal  School  of  Mines. 

The  lato  Flight -Lieutenant  R.  A.  M.  Lemmon,  R.A.F.V.R.,  Student,  is 
reported  to  have  been  mentioned  in  despatches  for  distinguished  service. 

Mr.  R.  I.  Lewis,  Associate,  has  arrived  in  England  from  Portugal. 

Mr.  Ben  Liohtfoot,  Associate,  Diro<;tor  of  the  Geological  Survey, 
Southern  Rhodesia,  has  been  awarded  an  O.B.E.  in  the  King's  Birthday 
Honours. 

Mr.  C.  F.  Llovd -Jones,  Assoc iatt,  exjjects  to  be  in  England  in  the 
autumn  on  leave  from  Saudi -Arabia. 

Mr.  G.  B.  Mackenzie,  AssocicUe,  has  left  England  on  his  appointment  as 
general  manager  of  the  Marampa  mines  of  the  Sierra  Leone  Development 
Co.,  Ltd. 
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Mr.  J.  B.  Mackie,  AasociutCt  has  returned  to  Malaya  from  New  Zeedand, 
to  resume  his  work  in  the  Mines  Department. 

Mr.  R.  G.  W.  Mackilligin,  M.C,  Student,  has  left  England  to  join  the 
staflf  of  United  British  Oilfields  of  Trinidad. 

Mr.  P.  B.  Marriott,  Associate^  has  left  England  to  rejoin  the  staff  of 
Messrs.  Osborne  &  Chappel  at  Ipob.  Malaya. 

Mr.  G.  MrsGRAVE,  Member,  consulting  engineer  to  the  Rhodesia  Chrome 
Mines,  Ltd.,  is  also  Chairman  of  the  National  Industrial  Council  of  the 
Mining  Industry'  of  Southern  Rhodesia,  and  Cliairman  of  the  Industrial 
Development  Commission. 

Mr.  W.  NiCHOLLS,  Student,  has  returned  to  England  on  leave  from  the 
Gold  Coast. 

Mr.  G.  L.  XiCHOLSON,  Ansociate,  has  arrived  in  England  from  Italy  on 
demobilization  leave. 

Mr.  C.  Maxwell  Norman,  Mcfnber,  has  been  appointed  general  manager 

of  New  Goldfields  of  Venezuela,  Ltd.,  and  has  recently  paid  a  short  visit 
to  England. 

Mr.  H.  J.  D.  Penhale,  Member,  is  now  in  England  on  leave  from  Fernando 
Po. 

Dr.  T.  Pickering,  Associate,  has  now  been  released  from  the  Army  on 
his  return  from  India. 

Mr.  R.  F.  Powell,  As.sociate,  having  terminated  his  engagement  as 
<'on8ulting  metallurgist  to  Eastern  Transvaal  Consolidate<l  Mines,  Ltd., 
is  now  at  Gwelo,  Southern  Rhodesia,  as  technical  adviser  to  National 
Chemical  Products  (Geiiuiston),  Ltd. 

Mr.  \V.  Prachner,  Stwient,  has  arrive<i  in  Trinidad  to  join  the  staff  of 
the  United  British  Oilfields  of  Trinidad,  Ltd. 

Mr.  H.  H.  RoBO'iTOM,  Associate,  lias  arrive<i  home  in  England  from  India. 

Mr.  H.  C.  RoBSON,  Member,  has  retired  from  India  and  is  at  present  in 
England. 

Mr.  T.  A.  Rogers,  Student,  is  at  present  acting  mine  superintendent. 
Emperor  Gold  Mining  Co.,  Ltd.,  Fiji. 

Mr.  J,  A.  Royce-Evans,  Student,  has  returned  to  Gold  Coast  Mcun  Reef, 
Ltd.,  from  England. 

Mr.  J.  Sanderson,  Member,  has  left  Engkuid  to  resume  his  duties  with 
the  Malayan  Minee  Department. 

Mr.  F.  G.  Sharp,  Associate,  is  returning  to  England  from  Mysore  on 
furlough. 

Mr.  W.  E.  Sinclair,  Associate,  has  been  appointed  general  manager  to 
the  Cape  Asbestos  Co.,  Ltd., 

Mr.  C.  N.  Smith,  AssocicUe,  has  accept^Kl  an  appointment  as  field  manager 
to  Messrs.  Le  Grand,  SutclifF  and  Cell,  Ltd. 

Mr.  A.  J.  G.  Smout,  J.P.,  Mernber,  has  been  made  a  Knight  Bachelor 
in  the  King's  Birthday  Honours. 

Mr.  Jack  Spalding,  Associate,  expects  to  return  in  mid-July  from  a 
short  visit  to  the  Koleu*  Gold  Field. 

Mr.  E.  Stuart,  Associate,  has  left  England  for  Malaya. 

Mr.  E.  H.  SwoRDER,  Associate,  has  been  appointed  district  metidlurgist 
of  the  Mines  Department  in  the  Bulawayo  Area,  Southern  Rhodesia. 
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Mr.  B.  M.  Tbobcas,  StuderU,  has  returned  to  EnglaDd  from  Nigeria. 

Mr.  J.  W.  Thorburk,  Associate,  has  been  appointed  mines  superintendent. 
Mount  Isa  Mines,  Ltd.,  Queensland. 

Mr.  F.  £.  Thubstok,  Associate,  has  left  the  Gold  Ck>ast  for  Chile. 

Mr.  J.  J.  TiMMiNB,  Associate,  has  left  Eng^d  to  take  up  m  podtioii  in 
Kenya. 

Mr.  C.  W.  Wjoxxr,  AssociaU,  has  left  England  to  join  the  staff  of  the 
Consolidated  African  Selection  Trust,  Ltd.,  Qold  Coast. 

Mr.  £.  A.  Walkeb,  Member,  expects  to  arrive  in  Eng^d  shortly  on  leave 
from  India. 

Mr.  A.  J.  Wai/ton,  Member,  will  leave  South  Africa  in  July  for  •  visit 
to  England. 

Ijbr.  £.  W.  Wabneb,  Associate^  has  arrived  in  England  on  leave  from  the 
Gold  Coast. 

Mr.  H.  J.  R.  Way»  Associate,  has  returned  to  England  on  leave  from  the 
Bwtailand  Gedogioal  Survey. 

Mr.  W.  Bboadhead  WnxiAiis,  Associate,  has  left  the  staff  of  Geita  Gold 
Mining  Co.,  Ltd.,  to  take  up  an  appointment  under  the  Government  of 
Tanganyika  Territory.  , 

Mr.  A.  S.  W.  Wood,  M.C.,  Associaie,  has  left  England  for  Sierra  Leone. 

Mr.  J.  R.  Wbioht»  Associate,  has  been  released  fn»n  the  South  African 
Engineer  Corps  and  has  returned  to  Randfontein  Estates  Gold  Mining 
Co.»  Ltd. 


ADDRBSSBS  WANTED. 

E.  A.  Banning.  A.  W.  Eyre.  James  Russell. 

J.  S.  Bums.  A.  McCail.  A.  E.  Upfold. 

L.  W.  Elsiiin.  E.  I.  Robinson. 


OBITUARY. 
Lewis  Percy  Gasalet  died  on  April  25th,  1946,  at  Warmbaths,  Transvaal, 
at  the  age  of  73.  He  received  his  mining  education  at  the  Camborne 
School  of  Mines  from  1889  to  1893,  where  \ie  graduated  and  gained  two 
silver  medals.  For  the  following  two  years  he  was  employed  underground 
and  on  the  reduction  works  at  Knight's  Tribute  and  Vcm  Ryn  Gold  Mines 
Estate,  Ltd.,  Witwatersrand,  becoming  cyanide  manager  in  1895.  A  year 
later  he  left  to  do  private  reporting  work  in  the  Witwatersrand,  and  in  1897 
was  appointed  surveyor  to  the  Durban-Roodepoort  Gold  Mining  Co.,  Ltd.. 
and  Vogelstruis  Estates  and  Gold  Mines,  Ltd.  He  transferred  in  1898  to 
a  similar  position  with  Nourse  Deep,  Ltd.,  and  after  a  year  was  made 
acting  manager  and,  later,  manager.  On  the  amalgamation  of  Nouine 
Deep  with  Henry  Nourse  Gold  Mining  Co.,  Ltd.,  and  South  Nourse,  Ltd., 
he  retained  tlio  nianagership,  remaining  there  until  1910.  During  the 
South  African  War  he  serv^ed  for  two  years  as  captain  with  the  let  Batt. 
Railway  Pioneer  Regt.,  and  until  1910  was  a  captain  in  the  Rand  Rifled. 
From  1904,  Mr.  Cazaiet  had  been  a  member  of  the  Commission  of  Examiners 
for  Mine  Overseers  and  Mine  Managers'  Certificates  in  South  Africa.  He 
was  appointed  consultiag  engineer  at  Johanneeburg  to  the  Central  Mining- 
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Kand  Mines  group  in  1910,  a  position  which  he  held  for  ten  years,  and  in 
1920  began  independent  consulting  work  in  the  Transvaal.  From  1934 
to  1938  he  was  engaged  by  Johannesburg  Gold  Mining  Corporation,  Ltd., 
as  consulting  engineer,  and  then  took  up  the  appointment  of  manager  to 
Village  Main  Reef  Gold  Mining  Co.  (1934),  Ltd.  He  had  retired  from 
professional  work  at  the  time  of  his  death,  having  started  farming  at 
White  River.  He  was  the  first  president  of  the  Association  of  Mine 
Managers  of  the  Transvaal,  and  of  the  Associated  Scientific  and  Technical 
Societies  of  South  Africa. 

Mr.  Cazalet  was  elected  a  Member  of  the  Institution  in  1914. 

John  Henry  Cordner-James  died  after  a  short  illness  at  his  home  at 
Aldeburgh,  Suffolk,  on  April  20th,  1946,  at  the  age  of  88.  He  was  trained 
from  1874  under  his  father,  Mr.  A.  T.  James,  of  Redruth,  Cornwall,  manager 
of  Wheal  Basset  and  South  Wheal  Francis  mines,  and  left  England  in  1877 
on  his  appointment  as  assistant  manager  and  surveyor  to  New  Quebrada 
Land  and  Copper  Co.,  Ltd.,  and  hi  1880  was  engaged  in  examining  the 
mines  and  forests  of  tlio  Gustav  and  Carlberg  Copper  Co.,  Sweden.  From 
1881  to  1883  he  held  the  appointment  of  general  manager  of  the  Indian 
Trevelyan  Gold  Mining  Co.,  Ltd.,  and  in  1884  returned  to  the  New  Quebrada 
Co.  as  professional  adviser.  For  six  months  in  the  following  year  Mr. 
Cordner-James  held  the  position  of  general  manager  of  the  New  Chile  Gold 
Mining  Co.,  Ltd.,  in  Venezuela,  but  returned  to  England  and  set  up  in 
practice  in  London  as  consulting  engineer.  In  1888  he  went  to  the  Transvaal 
as  general  manager  of  the  United  Pioneer  Gold  Mining  Company  at 
Barberton,  and  from  1890  to  1891  was  engaged  as  consulting  mining  and 
metallurgical  engineer  in  Johannesburg.  On  his  return  to  England  in 
1891  he  resumed  practice  in  London  as  senior  partner  in  the  firm  of  James 
Brothers. 

Mr.  Cordner-Jafues  was  elected  to  Membersliip  of  the  Institution  in 
1899y  and  served  on  the  Council  ahnost  continuously  from  1901  to  1920. 

Colonel  Arthur  Smith  Dwight,  D.S.O.,  died  at  Hobe  Sound,  Florida, 
on  April  Ist,  1946,  at  the  age  of  82.  He  was  bom  at  Taunton,  Massa- 
chusetts, and  graduated  in  1882  from  the  Polytechnic  Institute  of  Brooklyn, 
New  York,  and  three  years  later  obtained  the  degree  of  Engineer  of  Mining 
at  Columbia  University.  In  1914  he  received  the  honorary  degree  of 
M.Sc.  at  Columbia,  and,  in  1929,  was  made  an  honorary  D.Sc.  He  was  a 
trustee  of  that  University  and  of  the  Brooklyn  Polytechnic  Institute. 

On  leaving  Columbia  in  1885  he  went  to  Pueblo,  Colorado,  and  for 
thirteen  years  was  associated  with  the  Colorado  Smelting  Co.,  beginning 
as  assayer  and  rising  to  the  position  of  superintendent.  Ho  then  assumed 
charge  of  smelting  operations  at  Pueblo  and  Leadville,  Colorado,  at  Ei 
Pasco,  Texas,  and  at  Argentine,  Kansas,  and  from  1900  to  1906  was  at 
San  Luis  Potosi  and  Cananea,  Mexico.  In  the  autumn  of  1906  ho  returned 
to  New  York  and  in  partnership  with  Mr.  R.  L.  Lloyd  began  the  consulting 
practice  of  Dwight  &  Lloyd.  He  and  Mr.  Lloyd  developed  and  patented 
the  well-known  process  for  the  roasting  and  agglomeration  of  fine  ores. 
He  was  president  of  Dwight  &  Lloyd  Sintering  Co.  and  of  Dwight  A  Lloyd 
Metallurgical  Co.,  and  was  secretary  of  Hobe  Sound  Co. 
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During  the  1914-1918  war  he  was  a  member  of  the  engineering  committee 
which  co-operated  with  the  U.S.  War  Department  in  organizing  the  Engineer 
Officers  Reserve  Corps,  and  was  one  of  the  first  civilians  to  be  commissioned 
in  the  Reserve  and  to  enter  active  service.  As  major  in  the  1st  Reserve 
Engineer  Regiment  from  Jemuary,  1917,  he  played  em  important  part  in 
recruiting  and  training  that  body,  which  sailed  for  France  in  July,  1917,  as 
the  11th  Engineers,  the  first  unit  of  the  A.E.F.  in  action  in  France.  Major 
Dwight  served  in  France  for  over  22  months,  on  the  British  front  for  nine 
months,  conunanding  the  Ist  Batt.,  11th  Engineers.  He  later  was  given 
special  duties  as  metallurgical  consultant  to  French  companies  and  was 
made  engineer  salvage  officer,  A.E.F.  Ho  left  the  Army  in  May,  1919, 
with  the  rank  of  lieutenant-colonel,  emd  with  the  awards  of  D.S.O.  (Britain), 
citation  by  General  Pershing  of  the  U.S.  Army,  and  the  Order  of  the  Purple 
Heart,  and  was  made  Chevalier  de  la  Legion  d*Honneur  (France).  He  was 
colonel  in  the  U.S.  Reserve  at  the  time  of  his  death,  and  had  been  chairman 
d  the  minerals  advisory  conmiittee  to  the  War  Department. 

Col.  Dwight  was  elected  to  Membership  of  the  Institution  in  1909,  but  in 
1921  was  made  an  Honorary  Member  on  the  occasion  of  the  visit  to  England 
in  June  of  that  year  of  the  Delegation  from  American  Engineering  Societies 
of  which  he  was  vice-chairman,  as  an  expression  of  enduring  friendship  and 
of  appreciation  of  the  great  achievements  of  American  engineers  ;  and  in 
recognition  of  Col.  Dwight*s  personal  ser\'ices  in  the  advancement  of 
mining  and  metallurgical  practice.  He  was  a  past -president  sknd  *  James 
Douglas  '  medallist  of  the  American  Institute  of  Mining  and  Metallurgical 
Engineers  and  a  pcuit-president  of  the  Society  of  American  Military 
Engineers. 

Albert  Lucas  Entwistle  died  suddenly  on  April  29tli,  1945,  at  the  age 
of  67.  He  was  bom  at  Bury,  Lancashire,  and  from  1893  to  1895  was  an 
articled  pupil  to  Mr.  T.  J.  Hutchinson,  of  Manchester,  public  analyst  for 
Bury,  and  for  the  three  following  years  was  a  student  of  metallurgy  and 
chemistry  at  Owens  College,  Victoria  University,  Manchester.  In  1899 
he  was  appointed  metallurgical  chemist  and  assayer  at  Sulphides  Reduction 
(New  Process),  Ltd.,  Llcmelly,  and  when  the  works  closed  down  in  1901  took 
up  the  appointment  of  chemist  for  the  North  of  Ireland  Paper  Co.,  Ltd., 
a  position  he  held  until  his  return  in  1903  to  employment  with  Sulphides 
Reduction,  Ltd.,  at  their  new  works  at  Landore,  Swansea.  During  1904 
he  accompcuiied  Mr.  G.  T.  HoUoway  on  a  short  visit  to  Angoulftme,  France, 
reporting  on  a  process  for  treating  refractory  lead  and  zinc  sulphide  ores. 
He  joined  the  staff  of  Venesta,  Ltd.,  of  Poplar,  London,  in  1905,  also  as 
metallurgical  chemist,  later  taking  a  temporary  post  as  assistant  assayer 
at  the  RoyeJ  Mint,  London.  Shortly  afterwards,  in  1907,  he  went  to 
Canada  on  his  appointment  as  first  assistant  assayer  at  the  RoyeJ  Mint, 
Ottawa,  and  in  1912  was  put  in  charge  of  the  refinery ;  after  a  period  in 
an  acting  capacity  he  was,  in  1922,  appointed  chief  chemist  and  assayer, 
the  position  he  still  held  at  the  time  of  his  death,  23  years  later. 

Mr.  Entwistle  was  elected  to  Studentship  of  the  Institution  in  1903, 
and  was  transferred  to  Associateship  in  1907  and  to  Membership  in  1917. 
He  was  also  a  Member  of  the  Cemcbdian  Institute  of  Mining  and  Metallurgy. 
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George  Vincent  Everitt  died  suddenly  at  Ootacamund,  India,  on 
February  26th,  1946,  at  the  age  of  60.  He  took  a  course  in  metallurgy 
at  the  Camborne  School  of  Mines  in  1906,  and  in  January  of  the  following 
year  left  for  India  to  join  the  staff  of  Champion  Reef  Gold  Mining  Co., 
Ltd.,  for  Messrs.  John  Taylor  &  Sons,  by  whom  he  was  employed  during 
the  whole  of  his  career. 

For  the  first  three  years  he  was  assistant  in  the  mill,  and  from  1910  to 
1917  was  assistant  cyanide  officer,  and  then  held  the  position  of  assistant 
reduction  officer  at  Ooregum  gold  mine  for  two  years.  In  November, 
1920,  he  joined  the  Mysore  Gold  Mining  Co.,  Ltd.,  as  cyanide  officer  and 
analytical  chemist,  and  in  May,  1926,  w£ts  appointed  chief  assistant  cyanide 
chemist,  and  chief  cyanide  officer  and  analytical  chemist  in  March,  1932. 
He  left  in  1934  on  his  promotion  to  the  position  of  chief  metallurgist  at 
Champion  Reef  gold  mine,  in  which  cape^ity  he  serv^ed  until  his  retirement 
in  February-,  1946,  owing  to  ill  hecJth.  He  went  with  his  wife  to  the 
Kilgiri  Hills  in  the  hope  that  his  health  would  benefit  but  it  did  not  improve. 

Mr.  Everitt  was  elected  an  Associate  of  the  Institution  in  1922. 

Frederick  William  Jackson  is  reported  to  have  died  of  cholera  in 
Burma  in  1942  at  the  ago  of  57.  From  1910  to  1912  he  was  smelter  shift 
boss  for  Burma  Corporation,  Ltd.,  at  Namtu,  Northern  Shan  States,  and 
was  then  emplojed  by  Burma  Oil  Co.  for  two  years  on  oil  pipe-line  con- 
struction. He  had  been  sergeant  in  the  East  Surrey  Regt.  from  1904  to 
1910,  and  during  the  1914-1918  war  served  with  the  Northampton  Regt. 
as  sergeant  in  Mesopotamia  and  the  N.W.  Frontier.  He  returned  to 
Burma  on  demobilization  in  1919  and  until  1925  held  the  position  of  mine 
foreman  at  the  Hermyingyi  mine,  Tavoy,  Lower  Burma,  for  Burma  Finance 
and  Mining  Co.,  becoming  superintendent  of  the  mine  under  Consolidated 
Tin  Mines  of  Bumm,  Lt<l.,  in  1925.  In  February,  1937,  he  took  over  their 
Bwabin  property,  also  as  mine  superintendent,  and  in  1941  wets  engaged 
by  Kanbauk  Mines,  Ltd.,  Tavoy.  Mr.  Jackson  was  in  Burma  at  the  time 
of  the  Japanese  invasion,  and  no  news  of  him  had  been  received  since. 

He  was  elected  an  Associate  of  the  Institution  in  1938. 

William  Alexander  MacLeod  died  on  May  7th,  1946,  at  Harrow-on- 
the-Hill,  Middlesex,  at  the  age  of  71.  He  was  bom  in  New  Zealand,  and 
studied  at  the  University  of  Otago,  obtaining  the  B.A.  and  B.Sc.  degrees 
and  the  Associateship  in  both  mining  and  metallurgy  of  the  Otago  School 
of  Mines  in  1897.  In  the  following  two  years  he  gained  general  experience 
in  coal  and  metal  mining,  milling  and  cyaniding,  and  for  eighteen  months 
of  that  time  held  the  position  of  assistant  director  of  the  Thames  School 
of  Mines  in  New  Zealand,  where  he  was  in  charge  of  the  ore -testing  plant. 
From  1899  to  1901  he  wets  in  charge  of  the  provisional  mining  course  at 
Hobart  University,  Tasmania,  and  then  became  director  of  Charters  Towers 
School  of  Mines,  North  Queensland,  for  three  years.  He  left  the  School 
in  1903  to  become  mine  manager  of  BrilHant  Extended  Gold  Mining  Co., 
Ltd.,  and  a  year  later  was  made  general  manager.  In  1912  Mr.  MacLeod 
was  engaged  by  Messrs.  Bewick,  Moreing  &  Co.  for  work  in  Kalgoorlie, 
Western  Australia,  and  in  1917  he  came  to  the  head  office  of  the  company 
in  London,  where  he  worked  until  his  death. 
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Mr.  MacLeod  wrote  a  number  of  articles  for  tlie  Australian  technical 
press,  and  contributed  two  papers  to  the  Tratisaetiofvt  of  the  Institution — 
*  The  surface  condenser  in  mining  power  plant  *  (vol.  19,  1019-20)  and 
'  The  internal  combustion  engine :  some  modem  types  and  their  appli- 
cation to  mining  '  (vol.  36,  1926-7).  He  was  elected  a  Member  of  the 
Institution  in   1909. 

Herbert  Brantwood  Maufe  died  suddenh'  in  London  on  May  8th, 
1946,  at  the  age  of  66.  He  began  his  professional  training  fits  an  extra- 
mural  student  in  geology  at  Yorkshii-e  College,  Leeds,  in  1896  and  1897, 
and  went  to  d^ambridge  University  from  1898  to  1901  as  an  exhibitioner 
and  scholar  of  Christ's  College.  He  obtained  his  B.A.  degree  in  1901  and 
in  September  of  that  year  joined  the  Geological  Survey  of  Scotland  as 
geologist.  In  that  capacity  he  was  engaged  in  the  Greological  Survey  ^ 
Ireland  in  1903  and  1904,  and  worked  for  the  Colonial  Office  in  British 
East  Africa  from  1906  to  1906.  In  September,  1910,  he  was  appointed 
Director  of  the  GeologiceJ  Sur\-ey  of  Southern  Rhodesia,  and  held  this 
position  imtil  1935. 

Mr.  Maufe  was  awarded  the  Lyoll  Fund  in  1909  by  the  Geological  Society 
of  London  and  the  Lyell  Medal  in  1930,  and  in  1934  was  awarded  the 
Draper  Memorial  MedeJ  for  distinguished  work  in  South  Afiica  by  the 
Geological  Society  of  South  Africa,  of  which  body  he  had  been  a  member 
of  Council,  and  president  for  the  session  1918-19.  He  was  elected  to 
Membership  of  the  Institution  in  1931. 

Horace  George  Nichols  died  suddenly  on  July  30th,  1945,  in  British 
Coliunbia.  He  had  for  some  time  suffered  the  partial  paralysis  of  one 
side.  He  was  a  student  at  the  Roval  School  of  Mines  from  1886  to  1899, 
and  graduated  with  an  Associateship  in  Metallurgy*.  He  became  assayer 
to  the  New  Morgcm  gold  mine  in  North  Wales  in  1890,  then  worked  in 
South  Africa  from  1891  to  1894  aa  millman  to  Sheba  Gold  Mining  Co., 
Ltd.,  with  minor  engagements  in  Swaziland.  He  iirst  went  to  British 
Columbia  in  1897  on  his  appointment  aa  assistant  superintendent  to  Hall 
Mines,  Ltd.,  Nelson,  and  in  1899  became  mill  foreman  to  Ymir  Gold  Mines, 
Ltd.  From  1901  to  1902  he  held  the  position  of  assistant  superintendent 
and  acting  superintendent  to  Standard  Consolidated  Mining  Co.,  at  Bodie, 
Califomia.  He  then  joined  Republican  M.  &  D.  Co.,  California,  as  super- 
intendent, and  from  1904  was  for  two  years  manager  of  Aramecina  Gold 
and  Silver  Mining  Co.,  Ltd.,  and  Transito  Gold  Mine,  Ltd.,  in  Honduras 
and  London.  Mr.  Nichols  returned  to  British  Columbia  in  1906  and  took 
over  the  managership  of  Ymir  gold  mines  until  they  were  closed  down  in 
1910,  when  he  left  for  South  Africa,  later  becoming  i-esident  engineer  for 
Anglo-Siberian  Co.,  Ltd.,  and  Russo- Asiatic  Corporation  in  Russia  and 
Siberia.  In  1913  he  was  partner  in  the  firm  Bainbridge,  Seymour  &  Co., 
mine  managers,  of  London,  but  during  the  1914-1918  war  served  with  the 
B.E.F.  in  France  as  captain  in  the  Royal  Engineers.  On  demobilization 
in  1919  he  went  to  Mexico  as  general  mines  superintendent  to  Mazapil 
Copper  Co.,  Ltd.,  and  in  1921  settled  in  British  Columbia,  first  in  practice 
as  consulting  engineer  in  Vancouver,  and  in  1925  as  governniont  resident 
mining  engineer  in  Central  District. 
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For  the  last  tweiity-two  years  of  his  life  Mr.  Nichols  had  been  associate 
editor  of  Ccmadian  Mining  Journal,  and  two  of  his  many  previous  technical 
T^Titings  were  published  by  the  Institution — '  A  method  of  settling  slimes 
as  applied  to  their  separation  from  solution  in  cyanide  treatment  *  and 
*  The  treatment  of  tin  ores  in  Cornwall ;  a  description  of  the  Geevor  mine  ' 
{Trans.,  vols.  17,  1907-8,  and  23,  1913-14,  respectively). 

He  was  elected  an  Associate  of  the  Institution  in  1903  and  transferred 
to  Membership  in  1907.  He  had  €klso  been  a  member  of  council  and  vice- 
president  of  the  Canadian  Institute  of  Mining  and  Metallurgy. 

Harold  Whitttn^ain  died  suddenly  at  his  home  in  Toronto  on  October 
23rd,  1945,  at  the  age  of  62.  After  working  as  cussistant  estate  agent  in 
Sussex  for  two  years,  he  began  his  mining  career  in  Canada  in  May,  1907» 
as  miner,  timekeeper  and  surveyor's  assistant  at  the  Nipissiug  mine.  Cobalt, 
Ontcurio,  and  a  year  later  became  underground  sur\'eyor  in  full  charge.  Ho 
left  Cobalt  in  September,  1909,  to  attend  the  Michigan  College  of  Mines, 
graduating  in  1912  as  B.Sc.  and  Engineer  of  Mines.  He  then  joined  Mr. 
Geo.  H.  Garrey,  consulting  geologist,  Philadelphia,  as  assistant  on  geological 
examinations  in  Mexico  for  the  American  Smelting  and  Refining  Co.,  and 
ill  November,  1913,  went  to  Sardinia  as  manager  of  the  Gennamari  mine. 
On  the  outbreak  of  war  in  1914  Mr.  Whittingham  joined  the  Royal  Garrison 
Artillery,  rising  to  the  rank  of  major  in  1916,  when  he  was  in  command  of 
the  7l8t  Heavy  Battery.  He  served  continuously  with  the  B.E.F.  during 
the  first  three  years  of  war,  in  France  and  Flanders,  gaining  a  *  mention  ', 
■and  at  the  end  of  1917  was  wounded  and  taken  prisoner. 

Mr.  Whittingham  returned  to  his  position  at  Gennamari  mines  in  March, 
1919,  but  left  a  year  later  and  worked  privately  on  the  South  Wales  coal- 
field, in  connection  with  coal  tar  derivatives.  From  April  to  November, 
1921,  he  was  engaged  on  civil  and  mechanical  engineering  work  in  Leicester- 
shire, but  left  England  again  early  in  1922  on  obtaining  the  position  of 
manager  of  the  Keeley  silver  mines.  Silver  Centre,  Ontario,  and  two  yean 
later  became  manager  of  the  Huronian  Belt  Co.  Since  that  time  he  had 
been  associated  with  Ventures,  Ltd.,  from  its  inception,  as  secretary- 
treasurer,  and  was  president  of  Falconbridge  Nickel  Mines,  Ltd.,  Sherritt- 
-Gordon  Mines,  Ltd.,  Michipiooten  Iron  Mines,  Ltd.,  and  Opemiska  Copper 
Mines,  Ltd. ;  he  was  vice-president  and  director  of  many  other  mining 
companies.  He  was  elected  to  Associateship  of  the  Institution  in  1919, 
and  was  transferred  to  Membership  in  1924,  and  was  also  a  member  of 
the  Ccmadian  Institute  of  Mining  and  Metallurgy. 

Cecil  William  Wicks  has  been  officially  recorded  as  having  died  on 
or  about  February  13th,  1942,  as  a  result  of  the  sinking  of  the  S.S.  Oiang 
Bee,  He  received  his  mining  training  at  Sydney  University  from  1920 
to  1923,  graduating  with  the  degree  of  B.Eng.  (Min.).  He  began  his  career 
at  the  North  mine  (British  Section),  Broken  Hill,  N.S.W.,  where  he  was 
asKistcuit  surveyor  from  January  to  October,  1924,  and  from  then  on^was 
employed  by  Austral-Malay  Tin,  Ltd.,  and  associated  companies  in  Malaya. 
He  first  spent  three  years  on  the  prospecting  staff  and  was  appointed 
assistant  manager  to  Kampong  Kamunting  Tin  Dredging,  Ltd.,  in  April, 


xri     XHS  inbtitutiimT  of  JuiiiBtt  Am  ihtaIiLITbqy. 


OBIUJARY    OQ0immi. 

1928.  He  Bubtequently  held  the  pontion  of  manager  of  Uhx  Yam  Tiiu 
litd.,  for  six  months,  and  of  Thabawleik  Tin  Dredging,  Ltd.,  for  the  following 
ttK  months,  and  was  manager  of  Pcmgah  Tin  Dredging,  Ltd.,  Skm,  from 
IIKIO  to  1934.  He  was  with  Aostral  MaUy  Tm,  Ltd.,  at  taxiing,  Parak, 
from  1984  until  the  Ji^panese  occupaUon  of  MalajraL  ' 
Mr.  Wioks  was  elected  to  Associateship  of  the  Institution  in'  1931. 


The  Council  regret  to  report  the  death  of  George  Ernest  CiollliM, 
Member,  on  Bfay  4th,  1946.  An  obitoaiy  notice  will  appear  in  a  later 
issue  of  the  B^dteHn. 


'  !■ 


.       .     ■  •.  ■       I  .i  ■    . 
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The  address  of  the  Library  is  now  424  Salisbury  House, 
London,  EX,  2,  and  books  {excluding  periodicals)  may  be 
borrowed  by  members  on  personal  application  or  by  post. 

American   Institite  of  Electrical  Engineers  :  Year  Book.     New 
York  :  The  Institute.     1946.     333  p. 

American  Institi^te  of  Mining  and  Metallitigical  Engineers  : 
Transactions.  Vol.161.  Institute  of  metals  division,  1945.  646  p. 
Vol.  162.     Iron  and  steel  division,  1945.     New  York  :  The  Institute, 

1945.  748  p. 

American  Society  op  Civil  Engineers  :  Proceedings.  Vol.  72,  No.  2, 
Pt.  2,  Transactions  number  110,  194,>.     Lancaster,  Pa:  The  Society. 

1946.  1952  p. 

Barium  Minerals  in  England  and  Wales,  by  K.  C.  Dunham,  and 
H.  G.  Dines,  with  contributions  by  T.  Eastwood,  J.  V.  Stephens^ 
S.  E.  Hollingworth,  W.  Anderson,  and  J.  R.  Earp.  London :  Geo- 
logical Survey.  1945.  149  p.  (Gt.  Britain.  Geological  Surv^ey. 
Wartime  pamphlet  No.  46.) 

British  Standards  : 

No.    1085.    1946:    Load   pipes,  silver-copper-lead  alloy.      11  p.     2ft. 
No.  61,  Pt.  2,   1946  :     Screw   threads   for  copper  tubes.     14  p.    28. 
No.  882,  1944  :  Concrete  aggregates  and  building  sands  from  natural 
sources.     54  p.     5fl. 
London  :  British  Standards  Institution. 

• 

California.  Division  of  Mines.  Bulletin  No.  132.  California  mineral 
production  and  directory  of  mineral  producers  for  1944.  Saa  Fran* 
Cisco  :  Division  of  Mines.    Oct.,  1945.    224  p. 

Ceylon.  Dfipartment  of  Mineralogy  :  Professional  paper  No.  2,  194i» 
Colombo  :  Govt.  Printer.     1945.    44  p. 

China.     Geological  Survey  :    Bulletin  No.  35,  April,  1942.     Pehpei^ 
Chungking:     Geological  Survey.     1942.     150  p.      (In    Cliinese    with* 
English    Summary.)     {Presenter!  by  the  China  Section   of  the  Science 
Dept.,  British  Council,) 

Colliery  Manager's  Examinations  New  Guide,  2nd  ed.  rev.,  by  H.  C. 
Harris.     London :  Griffin.     1945.     398  p.     15s. 

Economic  Mineral  Deposits,  by  Alan  M.  Bateman.  New  York  :  Wiley. 
1942.      898  p.     39s. 

En^tironmental  Warmth  and  its  Measl-rement,  by  T.  Bedford.  London : 
H.M.S.O.  1946.  40  p.  10  charts.  (Medical  Research  Cbuhcil  War 
Memorandum  No.  17.)    28.  3d. 
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QsoLOGY  OF  Central  and  Southern  Kansu,  by  L.  T.  Yeh  and  S.  C.  Kwaii. 
F^pef,  (Siiingkung :  QeologicAl  Survey  of  China.  Dee.,  1944.  84  p. 
mape.  (China.  Qeoiogical  Meinoirt,  Series  A,  Ne.  19.  In  Cbineee  with 
En^ieh  Sbmmaary.)  {JhrueifUedhytheCfhkia8€eikmof^8eimeeDepi.p 
British  CounciL) 

Gt.  Britain.  Ministry  of  Fuel  and  Power  :  Fuel  Efficiency  Buixb- 
TIN  No.  43,  The  Furnacsman's  Manual.  London:  The  HiniatKy. 
1946.    30  p. 

■    " 

Industrial  Healtb  Research  Board  :  Report  X6.  89.  Artificial 
SuNXiOHT  Treatment  in  Industry,  by  Dora  Colebrook.  London: 
H.M.S.O.     1946.    64  p.     Is. 

Institution  of  Mechanical  Engineers  :  Proceedings  Jan.-Deg.,  1945. 
Vol.  152.    London.    The  InBtitution.     1945.    468  p. 

Jxersaeuno^  of  MmxNO  Engineers  :  Transactions.  Vol.  54.  1944-46. 
London ;  Th9  lastitntioii.    1945.    191  p, 

^Iechanical  Loading  of  Coal  Underground,  by  Ivan  A.  Given.  New 
York :  MeGraw-Hill.     1943.     397  p.     24s. 

Mica  Powders  for  uas  nr  Paint,  by  A.  A.  C.  Dickson.  Derby :  Wall 
Paper  Manufacturers  Ltd.    1945.    9  p.    {PreaetUed  by  the  at4hor,) 

Ministry  of  Fvtei,  and  Power  :  Testing  Memorandum  No.  4»  Test 
AND  Certification  of  the  Flameproof  Enclosure  of  Electrical 
Apparatus.    London :  H.M.S.O.  1946.    28  p.    6d. 

Nickel  Bulletin,  Vol.  17.  1944.  London :  Mond  Nickel  Co.  1945. 
208  p.    {Presented  by  the  Mond  Nickel  Co,) 

Notes  on  Malaria  and  its  Control  for  Planters  and  Miners,  by 
G.  Macdonald.    London  :  Ross  Institute.    1946.    61  p. 

Nova  Scotia.  Department  of  Mines  :  Annual  Report  on  Mines  for 
1945.    Halifax  :  King^s  Printer.     1946.    320  p. 

Ontario.     Department  of  Mines  :  Annual  Reports. 
5l8t  annual  report  being  Vol.  51,  Pt.  1,  1942.    282  p. 
53rd  annual  report  being  Vol.  53,  Pt.  4,  1944.    32  p. 
53rd  annual  report  being  Vol.  53,  Pt.  6,  1944.    55  p. 
Toronto :  Bowman.    1946. 

Palaeozoic  Geology  of  the  Windsor-Sarnia  Area,  Ontario,  by 
J.  F.  Caley.  Ottawa :  Govt.  Printer.  1945,  227  p.  maps.  (Canada. 
Bureau  of  Geology  and  Topography:  Geological  Survey  Memoir 
No.  240.)     50  cents. 
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Keports  of  the  British  and  Cosibined  Intslliqbnce  Objectiv 
Sub -Committees  (B.I.O.S.  and  C.I.O.S.)  and  Field  Information 
Agency,  Technical  (F.I.A.T.).  Viupious  reports  have  been  presented 
by  the  Department  of  Scientific  and  Industrial  Research,  and  are 
iisted  under  the  Index  of  Recent  Articles. 

Severn  Tunnel,  its  Construction  and  DirncuLTiBS,  1872-1887,  by 
Thomas  A.  Walker.  London  :  Bentley.  1888.  188  p.  diags.  (Pre- 
aented  by  Lt.-Col,  J.  V.  Ramsden.) 

Tanganyika.  Geological  Division.  Preliminary  report  on  the  mining 
geology  of  the  Iramba-Sekenke  Goldfield,  by  R.  B.  McConnell.  Tan- 
ganyika :  Geological  Division.  1946.  22  p.  (with  geological  map, 
scale  1  :   10,000.)     2s. 

Technical  Report  on  the  Ruhr  Coalfield,  Vol.  1,  by  a  Mission  from 
the  Mechanisation  Advisory  Committee  of  the  Ministry  of  Fuel  and 
Power.    London  :  H.M.S.O.     1946.    61  p.    3s. 

L^psALA  University.  Geological  Institution  :  Bulletin.  Vol.  31. 
Upsala  :  The  University.     1946.    404  p. 

MAPS. 

Dyson  Creek,  West  of  Fifth  Meridian,  Alberta.  Geological  Survey 
Map  827A.  Scale  :  1  in. » 1  ml.  Ottawa  :  Bureau  of  Geology  and 
Topography .     1 945. 

Oreog  Lake,  West  of  Fifth  Meridian,  Alberta.  Greological  Survey 
Preliminary  Map  46-4A,  and  Paper  46-4.  Scale :  2  in.  ==  1  mL 
Ottawa  :  Bureau  of  Geology  and  Topography.     1946. 

Honey  DALE,  Charlotte  County,  New  Brunswick.  Geological  Survey 
Preliminary  Map  46-3.  Socde  :  1  in.  =  1  ml.  Ottawa  :  Bureau  of 
Geology  and  Topography.     1946. 

McConnell  Creek,  Cassiar  District,  British  Columbia.  Geologioal 
Survey  Preliminary  Map  46-6A,  and  Paper  46-6.  Scale :  1  in.  =  2  mL 
Ottawa  :  Bureau  of  Greology  and  Topography.    1946. 

Mikanagan  Lake,  West  of  Principal  Meridian,  Manitoba.  Geological 
Survey  Map  832A.  Scale  :  1  in.=  1  ml.  Ottawa  :  Bureau  of  Geology 
and  Topography.     1946. 

St.  Stephen,  Charlotte  County,  New  Brunswick.  Geological  Survey 
Preliminary  Map  46-2.  Scale:  1  in.=  l  ml.  Ottawa:  Bureau  d 
Geolog>'  and  Topography.     1946. 

Township  of  Teck,  District  of  Timiskaming,  Ontario.  ^lap  No.  1945-1. 
Scale  :  1  in.  ==1,000  ft.    Ontario  :  Dept.  of  Mines.     1945. 
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NOTE. — All  Articlts  indexed  art  available  for  reftrtnct  In  tht  Library  of  cJbe 
Imtltuthn.  It  Is  ref retted,  howeftr,  that  unbound  ptrMlcah 
coruioc  bo  /ene. 


AIXOYB  AND  MBTAUXXaiAFHY. 

ALLOYS  —  COPPER  —  GERMANY.  — 
Wroui^t  copper  alloy  industry  of  Soutbem 
Gennany.— C.I.O^.  Item  No.  SI,  File 
9CXX-«l,  IMN  M  p. 

ALLOYS-LIGHT  KETALS-GERMANY. 
— ^Kote  on  German  technique  in  the  production 
of  light  aUoyi.~B.LO^.  Final  Report  No. 
37971  tern  No.  ih  1M6,  S(i  p. 

■ 

ALLOYS  —  MAG2«ETIC  —  GERMANY.  — 
Magnetic  materials  and  beryllium. — ^B.T.OJS., 
nml  Report  No.  S6,  Item  No.  SI,  IMft, 
16  p. 

METALLOGRAPHY  —  RUSSIA.  —  Russian 
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welding  at  the  Newcastle  steel  works.  Alex 
Young. — Industr.  Aust.  Min.  Stand.,  Melb., 
Vol.  101,  March  15,  1946,  pp.  682-84.     Is. 
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British     powder     metallurgy ;  its     history, 
development  and  commercial  future.    W.  D. 
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147,  April,  1946,  pp.  75-79.     50  cents. 

PROSPECTING  —  GEOPHYSICAL  PROS- 
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SUPPORT  —  STOPE  FILLING  —  SAND 
FILLING.— SandfiUing  at  Mufulira.  A.  C. 
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Chem.  Engng.  Min.  Rev.,  Melb.,  Vol.  38,  Feb. 
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PIPTY-PIPTH  ANNUAL  GENERAL  MEETING. 

Held  in  the  Apartments  of  the  Geological  Society,  Burlington 

House,  Piccadilly,  W.l, 

ON 

Thursday,  May  leth,  1946. 

Mr.  G.  F.  Laycock,  President^  in  the  Chair. 


The  Minutes  of  the  previous  Annual  General  Meeting,  which  had 
already  been  circulated,  ware  taken  as  read,  and  confirmed  and 
signed. 

Appointment  op  Scrutinerrb 

Mcyor  W.  H.  Wilson  proposed,  Major  J.  L.  Farrington 

seconded  and  it  was  agreed  that  Messrs.  P.  T.  Halsey,  C.  H.  W. 
Martyn,  and  H.  C.  Webb  be  appointed  to  act  as  Scrutineers  to 
(examine  the  balloting  papers  for  the  election  or  re-election  of 
Members  of  Council. 

The  Benevolent  Fund 

Mr.  E.  D.  McDermott,  in  making  a  brief  report  on  the 
Benevolent  Fund,  said  that  the  Twenty-First  Annual  Meeting 
of  this  Fund  had  just  been  held  and  copies  of  the  Report  of  the 
Committee  of  Management  and  the  Accounts  would  be  circulated 
to  the  members,  together  with  a  list  of  subscribers  for  the  current 
year.  From  the  Report  it  would  be  seen  that  the  expenditure, 
as  compared  with  the  previous  year,  had  increased  by  about  £185 
and  exceeded  the  revenue  by  just  over  £100.  On  the  other  side 
of  the  account  the  capital  fund  had  benefited  by  legacies  to  the 
extent  of  £1,600  and  there  had  again  been  a  slight  increase  in  the 
amount  recovered  from  the  Inland  Revenue.  He  appealed  to  all 
subscribers  liable  for  British  Income  Tax  to  make  use  of  the  form 
of  covenant  attached  to  the  Report  and  Accounts.  If  they  could 
get  a  greater  number  of  subscribers  under  covenant  it  would 
counterbalance  the  Idss  which  would  arise  from  the  slight  decrease 
in  the  rate  of  Income  Tax. 

He  was  grateful  for  this  opportunity  of  thanking  their  subscribers 
and  assuring  them  that  their  generosity  had  enabled  the  Committee 
of  Management  to  alleviate  to  some  extent  the  hardship  of  members 
of  their  profession  and  their  dependents  who  had  fallen  upon  hard 
times,  and  also  to  help  in  the  education  of  the  younger  generation. 
At  the  same  time  and  at  the  risk  of  appearing  ungrateful,  he  would 
point  out  again  that  he  thought  the  proportion  of  members  aildf 
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assooiatoi  ffho  tnismsmtmi  to^UvB^foBd  itm  too  knriaDE^lm  evpi^tly 
appealed  to  all  who  had  not  done  so  to  iend  a  donation,  however 
8mdl»  pretapMy  W4«r:  •|W^aB»/ffi4ite,nwW  rt  ^r*«nM'8 
order.  .     _  ^    ,      •:.,''; 

He  was  glad  to  ntkj  that  Dr.  S.  W^  Bmitti  W  kindly  consented 
to  act  as  Honorary  Secretary  for  the  coming  year  and  their  thanks 
were  due  to  him.apdl-to  f^JiiQ  9tb(Br,9ifHnI)en.<fl  the  Committee 
who  had  given  .their  time  and  services  in  tlie  emciant  management 
of  the  Fund. 


Tbe  Frtlildiint,  in  moving  the  adoption  of  the  Annual  Bepoti 
of  the  Council  for  the  session  1945-46  and  the  Statement  of  Aooowito 
for  the  year  ended  Beoember  Slst^  >1M5^  said  the  accounts  continued 
Id -Aov  B  tetisfactoBy  jpotftioik  and  worid.  iAi  dddt  "MUk  )^i4he 
Honorary  Treiunirer,  ^o  wodld  be  seconding  ihis  ^motion.  As 
regards  the  Annual  Report,  thiare  were  one- or  two-itenu  to  which 
he  would  Qike  to  make  brief  reference. 

As  members  knew  the  Institution  had  suffeved  a  severe 'loss  fay 
the  death  of  their  lata  President,  Colonel  Edgar  Pam,  during  his 
second  year  of  pffice.  tHiiey. would jaHrOMiiiJMP  gi^at.ipraffppal 
knowledge  and  ability,  as. an  ontstapdji^  miiwg  engifieer  of  bipad 
vision  who  had  the  best  interests  of  the  Institution  always  at 
heart. 

Dr.  Lawn  having  exjtressed  bis  desire  to  retire  from  the  office 
of  Honorary  Treasurer,  the  Council  very  regretfully  acceded  to  his 
request  and  he  (the  President)  would  be  referring  to  this  agaio 
later  on  in  tbe  course  of  the  meeting.  Members  would  be  pleased 
to  hear  that  Mr.  Bobert  Annan  bad  agreed  to  accept  this  very 
important  ofi^e.  (Applause.)  Mr.  Annan  had  for  some  time  been 
Chairman  of  the  Finance  Committee,  and  he  was  sure  no  more 
suitable  Buccessor  to  Dr.  Lawn  could  have  been  appointed. 

Members  would  have  leanit  with  great  pleasure  of  the  generous 
action  of  the  Directors  of  the  Mond  Nickel  Couipany  in  making 
available  the  sum  of  £60,000  for  the  establishment  of  Post-Graduate 
Fellowships  in  Metallurgy. 

It  was  announced  in  the  Annual  Report  that  arrangements  were 
being  discussed  i(x  a  joint  meeting  with  the  Instituticm  of  Mining 
Engineers  on  the  subject,  of  silicosis  and  dust  control  in  mines. 
The  Council  had  recently  decided  to  establish  a  lecture  in  memory 
of  the  late  Sir  Julius  Wemher,  a  great  figure  i^  the  history  of 
South  African  mining  and  a  benefactor  of  the  Institution.  They 
were  pleased  tp  announce  that  Dr.  A.  J.  Orenstein,  the  eminent 
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South  African  anthority  on  silicofds,  had  consented  to  deliver  the 
first  Julius  Wemher  lecture,  which  would  be  held  in  London  in 
April  or  May  of  next  year  in  connection  witii  the  joint  meeting 
already  mentioned.  Dr.  Orenstein  had  also  kindly  consented  to 
have  prepared  a  comprehensive  paper  on  South  African  methods  of 
combating  sitiousis,  which  the  Council  felt  would  be  one  of  the 
moat  valuable  contributions  which  the  metalliferous  mining 
profession  could  make  to  their  colleagues  in  the  coal-mining  industry 
at  the  present  time.  The  value  of  this  paper  would  be  greatly 
augmented  by  the  opportunity  which  would  be  afforded  of  personal 
discussion  with  the  author. 

Dr.  James  O.  Lawn*  in  seconding  the  adoption  of  the  Report 
and  Accounts,  said  that  that  was,  so  to  speak,  his  swan-song,  as 
he  was  ceasing  to  be  Honorary  Treasurer.  He  was  very  thankful, 
however,  to  know  that  he  would  be  succeeded  by  a  better  man. 
With  regard  to  the  finances,  they  were  in  a  sound  position.  As 
would  bo  seen,  they  had  four  blocks  of  investments  in  their  balance- 
sheet  and  in  every  case  the  present-day  value  was  substantially 
greater  than  the  coat  price  of  the  stocks  held.  Altogether  the 
appreciation  amounted  to  about  £12,000,  while  the  total  amount 
in  the  invested  fund  was  about  £122,000. 

They  had  got  through  the  war  without  any  undue  expenditure. 
They  undertook  a  Uttle  risk  in  order  to  save  the  library.  They 
moved  it  to  Derbyshire  and  bought  a  house  there  to  hold  it.  They 
gave  £1,000  for  the  building  and  wrote  it  down  to  half  that  amount. 
The  other  day  they  sold  it  by  auction  and  got  £2,000  for  it,  so 
they  had  come  out  of  that  deal  quite  well.  His  only  regret  was 
that  the  Institution  was  not  more  adequately  housed  at  the  present 
time.  They  had,  as  the  accounts  showed,  a  certain  amount  of 
money  available  and  no  efifort  was  being  spared  to  find  more 
suitable  accommodation,  but  there  was  considerable  difficulty 
at  the  present  time  owing  to  the  conditions  produced  by  the  war. 

The  President  invited  questions  on  the  Eeport  and  Accounts, 
but  none  was  forthcoming  and  the  motion  for  the  adoption  of  the 
lieport  and  Accounts  was  put  to  the  meeting  and  carried 
unanimously. 

Ke-Appointment  of  Auditobs 

On  the  motion  of  Mr.  H.  M.  Ball,  seconded  by  Oolonel 
J.  B.  Simpson,  Messrs.  Woodthorpe,  Bevan  &  Co.,  were  re- 
appointed Auditors  of  the  Institution  for  the  current  year. 

Vote  op  Thanks  to  the  Gbologioal  Sooibtt 
The  President  then  moved  that  the  thanks  of  the  Institution 
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be  aocorded  to  ihe  Gounoil  of  :ttie  Qeologioal  Boeieiy  lor  this  «w  oi 
their  rooms  for  the  General  Meetings  of  the  InstitutioQ  dnruig  the 
present  session.  This  was:  seoonded  by  Dr»  J»  O.  lAWn  and 
carried  by  acclamation. 

VoTB  OF  Thanks  to  t^b  Council,  OmoBBS  akd  Statp 

Oolonel  L. .  0.  Hill,  m  proposing  a  vote  of  thanks  to  the 
Council  for. their  work  during  the  past  year,  said  he  supposed  he 
represented  the  inajority  of  the  members  of  the  Institution,  who 
i^ent  most  of  their  time  abroad  and  who  therefore  had  little 
opportunity  of  taking  an  active  part  in  thte  work  of  the  Institution 
and  who  very  rarely  had  a  chance  of  meeting  members  of  the  Gounoil. 
He  thought  there  was  considerable  danger  of  their  taking  the 
work  of  the  Council  very  much  for  granted,  but  if  they  stopped  to 
think  a  little  it  must  be  realized  that  a  tremendous  amount  (rf 
really  hard  work  had  to  be  done  in  order  that  the  wprk  of  the 
Institution  should  be  carried  on  satisfactorily.  This  was  principally 
done  by  busy  men  ih  their  spare  time  and  must  entail  a  considerable 
sacrifice  of  leisure  oh  their  part.  If  these  sacrifices  were  not  made 
freely  and  generously  the  standing  of  the  Institution  could  not 
possibly  be  as  high  as  it  undoubtedly  was,  neither  could  the  Institu- 
tion be  of  such  use  to  its  meinbers  or  the  public  as  was  certainly 
the  case.  Members  were  deeply  grateful  to  the  Council  for 
their  unfailing  care  of  their  interests  and  for  the  jealous  maintenance 
of  those  hi^  standards  which  had  come  to  be  regarded  as  normal 
for  the  profession. 

Lieut.-Oolonel  A.  B.   O.  Williams,  in  seconding  the 

resolution,  said  he  felt  sure  that  all  classes  of  members  would 
heartily  endorse  Colonel  Hill's  remarks.  He  quite  agreed  that 
many  of  them  took  for  granted  the  work  done  by  the  Council  and 
the  staff.  A  study  of  the  Annual  Reports,  which  contained  much 
useful  and  interesting  information,  made  one  realise  the  manifold 
activities  of  the  Institution.  He  wished  to  add  a  special  word  ot 
thanks  to  the  permanent  staff  headed  by  their  genial  secretary 
Mr.  Felton.  Any  member  visiting  the  headquarters  of  the  Insti* 
tution  could  be  sure  of  a  very  real  and  delightful  welcome. 
The  resolution  was  also  carried  by  acclamation. 

The  President,  in  returning  thanks,  said  it  was  a  fact  that  a 
great  deal  of  work  had  to  be  done,  but  it  was  always  most  cheerfully 
undertaken  by  members  of  the  Council,  many  of  whom  devoted  a 
considerable  amount  of  time  to  the  affairs  of  the  Institution.  As  to 
the  Secretary  and  staff,  there  was  nothing  much  which  one  could 
add  to  what  had  been  said  on  previous  occasionB  about  their 
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loyalty  and  efficiency,  except  perhaps  that  during  the  last  twelve 
mouths  their  task  had  been  more  onerous  than  usual.  This  was  due 
to  shortage  of  personnel  and  the  extra  work  involved  in  the  return 
of  the  library  from  Derbyshire  to  the  much  more  convenient 
premises  at  Salisbury  House. 

Mr.  Robert  Annan  thanked  the  President  and  Dr.  Lawn  for 
the  kind  remarks  they  had  made  about  him  and  the  members  of 
the  Institution  for  the  confidence  which  they  had  shown  in  his 
election  to  Honorary  Treasurership.  He  was  afraid  he  had  made  a 
bad  start,  as  only  that  morning  he  had  received  a  reminder  from 
the  Secretary  that  he  had  omitted  to  pay  his  subscription,  but 
he  would  endeavour  to  do  better  in  the  future.    (Laughter.) 

The  meeting  then  adjourned  for  tea,  resuming  at  5.15. 

Presbntation  of  Awards 

The  President  said  he  had  not  reaUzed  that  such  pleasant  duties 
as  those  he  now  had  to  perform  would  fall  to  his  lot.  As  members 
would  have  seen  from  the  Coimcil's  Report,  the  Gold  Medal  of  the 
Institution  had  been  awarded  to  Mr.  Carl  Davis  in  recognition  of 
his  services  to  the  gold-mining  industry  of  South  Africa,  to  mining 
in  Northern  Bhodesi^.,  and  to  mining  education  as  the  representative 
of  the  Institution  for  eight  years  on  the  Governing  Body  of  the 
Imperial  College  of  Science  and  Technology.  Nothing  could  give 
him  greater  pleasure  than  to  have  the  deUghtful  task  of  presenting 
the  highest  award  in  the  gift  of  the  Institution  to  a  man  whom  he 
had  always  admired  as  such  an  outstanding  example  of  the  mining 
engineering  profession.  The  citation  on  the  award  spoke  for  itself 
and  showed  what  a  wonderful  career  Mr.  Carl  Davis  had  enjoyed. 

In  addition  he  would  like  to  refer  to  another  of  his  many 
activities  and  that  was  the  valuable  work  he  did  during  the  past 
world  war  for  the  Tunnelling  Companies  of  the  Royal  Engineers  as 
Chairman  of  the  Tunnellers'  Comforts  Committee.  This  Committee 
raised  a  considerable  sum  of  money  almost  entirely,  he  might  say, 
as  a  result  of  Mr.  Davis's  exertions,  and  did  a  great  deal  of  most 
useful  work  in  looking  after  the  welfare  and  comfort  of  TunnoUers 
both  overseas  and  at  home. 

His  one  regret  on  this  important  occasion  was  that,  owing  to 
war-time  restrictions  which  still  prevailed,  they  were  only  able  to 
present  Mr.  Davis  with  an  **  austerity  "  edition  of  a  Gold  Medal.  To 
have  to  present  to  a  man  who  had  been  responsible  for  the 
production  of  so  much  gold  in  this  world  nothing  better  than  a 
9-carat  model  was,  to  his  mind,  rather  absurd.  However,  it  was 
the  best  they  were  allowed  to  do,  but  he  understood  that  the  balance 


of  the  metol  tMed  in  tib^'liibdU''m(tiimo(rt^66i^^;  %^  pMlu^ 
nM  ratheri^pMpmte' in  view  of  Mr.  Dav»'B«m«eotitiMrtlknirilh 
the  oopper-mining  induiti^r  iaiNortheni  BhodmiMii 

Mr.  Oarl  X)avlBwinretuniiiigthaaks»f4idlieioi^ 
a  novel  and  embarrassing  situation.  Neverthel^^pilifr  was  grfktafol 
to  be  the  principal  actor  in  it.  He  felt  that  as  wyf  ha.ha^  v^mW  a 
stiage  in  life  when  he  might  take,  and  wbala'bd'tAk&^,'a  tibss'adaTe 
part'in  the  mining  indtli&y;  this  wonderftif  awards  wkdi  he  Aon^t 
wa»  prieriesB  to-  any  minmg  engiiieer;  eame  at  al  rery  opportane 
timey  beeaase  it  maclDedthe  etiln^Milion  of  his  moee  aetive  portioipa* 
tioDiin  the  indusiiy.  :  He  bad  not  pnspafed  wy  Jlonnal  speeeh  for 
the  occasion.  He  felt  be  woiild  much;  paeteir,  if  they  would  h&/^ 
with  his  disjointed  remarks,  to  talk  in  a  manner  which  was  signifi- 
cant of  the  very  intimate  and'  close  relations  he  had  had  for  nsysny 
years  with  so  many  of  the  members  presenf  on  this  occasion.  Also, 
in  thinking  of  this  medal  whi^  they  had  awarded  him,  although 
it  came  to  him  personally,  mentally  at  lea^t  be  would  share  it  i^th 
many  good  frietids  and  collettgiies  wiro  had' co-operated  witih  lum 
in  so  many  enterprises  over  many  years.  None  of  these  operations 
was  diie  entisdy  to>individual  effratand  in  regard  to  his  own  case 
he  f ell  tiMt  whatever  jmodestisuoeess  he  might  hava  achier^ed,  he 
owed  much  to  I^b  many  ;friepd^. 

There  was  alao  a  point  in  connection  with  the  award  which  in 
itseU  gave  one  the  greatest  possible  pleasure  and  that  was,  it 
would  be  a  constant  reminder  of  the  many  years  he  had  had  the 
honour  to  be  associated  with  this  Institution.  The  Institution  had 
done  a  great  work  in  the  past  and  he  saw  no  reason  why  it  should 
not  do  ian  even  greater  work  in  the  future.  Conditions  changed  but 
he  hoped  that  while  there  would  be  no  lessening  in  the  service  the 
Institution  would  be  able  to  render  in  the  spread  of  technical 
information  for  the  benefit  of  the  industry,  it  would  continue  to 
take  an  ever-increasing  part  in  the  broader  aspects  of  the  industry — 
such  as  health,  social  conditions  of  the  workman,  taxation, 
etc.  in  fact,  he  might  run  through  a  list  of  the  various  things 
which  engaged  the  attention  of  the  President  and  Council,  showing 
that  the  Institution  was  playing  an  increasingly  important  part 
and  oanying  an  increasing  weight  with  the  authorities  and  with 
appropriate  bodies  everywhere.  That  he  was  perfectly  certain 
of  and  he  could  only  say  it  was  his  belief  that  in  those  matters 
what  they  would  do  in  the  future  would  redound,  as  in  the  past, 
to  the  credit  of  the  Institution. 

HiB  was  personally  very  proud  of  being  a  member  of  the  Institu- 
tion and  very  proud  of  being  a  mining  engineer.  If  he  had  to  live 
his  life  over  again  he  would  be  a  mining  engineer.  There  was 
an  interesting  thing  which  had  occurred  to  him,  as  it  bad  probab^ 
occurred  to  many  of  those  present,  regarding  mining  engineers. 
He  remembered  when  he  was  a  very  young  man  receiving  his 
degrees  and  that  sort  of  thing ;  in  the  old  days,  when  applying  for 
a  job,  that  was  one  of  the  things  they  kept  in  the  dark  from  the 
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'  practical  people  *  who  dkected  the  industry.  That  had  all  gone 
and  today  they  found  the  highly-itrained  men  occupying  a  much 
larger  sphere.  The  old  system  of  putting  the  engineer  in  a  water- 
tight compartment  and  confining  him  purely  to  technical  matters 
had  in  a  large  measure  disappeared:  In  the  principal  mining  fields 
of  the  world  the  positions  of  importance— executive  and  others — 
were  now  largely  occupied  by  mining  engineers.  He  thought  that 
was  as  it  should  bo  and  it  ought  to  be  an  encouragement  to  their 
younger  members. 

In  conclusion  he  could  only  say  he  was  very  proud  indeed  to 
have  been  awarded  the  highest  honour  the  Institution  could 
confer  and  ho  thanked  them  very  much.    (Applause.) 

The  President  said  that  next  to  presenting  a  Gold  Medal  to 
Mr.  Davis  he  did  not  think  anything  could  give  him  greater  personal 
satisfaction  than  the  next  duty  he  had  to  perform,  and  that  was 
thf^  award  of  Honorary  Membership  to  Dr.  James  Lawn.  As 
everybody  knew,  Dr.  Lawn  had  carried  out  the  important  duties 
of  Honorary  Treasurer  of  the  Institution  for  the  past  eight  years, 
but  he  doubted  whether  very  many  members  realized  the  responsi- 
bilities attached  to  this  office.  Dr.  Lawn  had  been  re-elected 
Honorary  Treasurer  every  year  since  he  was  first  appointed  in 
19^,  so  in  a  sense  he  had  been  a  pennanent  official  of  the  Institution 
for  that  period.  Presidents  had  come  and  gone,  but  Dr.  Lawn 
had  always  been  there  to  watch  over  the  financial  affairs  of  the 
Institution,  with  what  good  effect  members  could  see  for  them- 
selves in  the  satisfactory  state  of  the  Institution's  finances  today. 

But  beside  all  this  Dr.  Lawn  had  always  been,  if  he  might  say 
so,  their  '  sheet-anchor '  in  the  general  affairs  of  the  Institution. 
Many  had  been  the  time  when,  in  Council  and  Committee,  members 
liad  been  considering  some  particularly  knotty  problem  and  had 
not  been  able  perhaps  to  make  up  their  minds  as  to  just  what  was 
the  right  course  to  adopt,  when  Dr.  Lawn  in  his  calm  and 
deliberate  way  had  put  the  position  in  a  much  clearer  light  and 
pointed  tlu^  way  out  of  the  difficulties.  JFortunately  his  very  able 
and  valuable  servicers  would  still  be  available  to  the  Council  as  a 
Past-President.  If  anybody  had  ever  been  entitled  to  be  called 
an  *  Pjlder  Statesman  '  of  the  Institution,  that  man  was  Dr.  James 
Ct.  Lawn,  to  whom  he  now  had  the  greatest  pleasure  in  prosoiiting 
the  Honorary  Membership  of  the  Institution.     (Applause.) 

Dr.  James  Q.  Lawn  said  ho  scarcolv  knew  how  to  thank  them 
for  the  groat  honour  they  had  done  him  in  making  him  an  Honorary 
Member  of  th(»  Institution.  This  honour  was  usually  given  to 
those  who  had  great  names  and  great  achievements  to  their  credit 
in  some  spt^cial  direction,  but  in  this  case  it  was,  as  he  understood 
it,  an  acknowl(»(lgnient,  so  to  speak,  of  just  steady,  patient  work, 
which  was,  of  course,  very  necessary.  He  felt  that  in  the  higher 
plane  of  mining  engineers  he  could  not  rank  for  such  an  honour, 
but  he  took  it  as  an  expn^ssion  of  gratitude  on  a  somc^what  lower 
plane.     The  Institution  had  always  been  very  near  to  his  lu^rt. 
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He  had  done  what  little  he  could  to  help  it  along  and  would  continue 
to  do  so  so  long  as  he  had  health  and  strength  left  and  could  he  of 
any  further  service. 

He  felt  that  it  was  right  that  he  should  go  at  this  time,  because 
it  was  an  era  when  changes  were  coming  about  in  many  directions. 
Points  of  view  were  changing  and  the  future  would  not  be  exactly 
as  the  past  had  been  ;  the  Institution,  he  was  quite  certain,  would 
benefit  by  the  change.  It  was  the  greatest  satisfaction  to  him  and 
a  great  comfort  to  feel  that  he  was  behig  succeeded  in  this  position 
by  such  an  able  man  as  Mr.  Eobert  Annan.  He  felt  sure  that  in 
Mr.  Annan's  hands  the  financial  future  of  the  Institution  would 
greatly  benefit.    (Applause.) 

The  President  said  that  his  next  duty  was  to  present  '  The 
Consolidated  Gold  Fields  of  South  Africa,  Limited '  Gold  Medal 
and  Premium  of  40  guineas  to  Mr.  Hildick-Smith  for  his  paper 
on  *  Shaft  Pillars  and  Shaft  Spaces.*  Members  would  remember 
what  an  interesting  paper  this  was  and,  he  was  sure,  would  heartily 
approve  of  this  award.  Mr.  Hildick-Smith,  who  occupied  a  very 
important  position  on  the  Band,  was  unfortimately  unable  to  be 
present  to  receive  the  award  in  person.  He  had,  however,  done 
the  next  best  thing  and  sent  his  son,  Dr.  6.  Hildick-Smith,  on  his 
behalf  to  whom  he  now  had  much  pleasure  in  handing  the  award. 

Dr.  G.  Hildick*Smith  said  he  felt  it  a  very  great  honour 
to  be  allowed  to  attend  this  meeting  on  behalf  of  his  father  and  a 
very  much  greater  honour  that  the  Council  should  have  made 
this  award.  He  knew  that  nothing  would  have  pleased  his  father 
more  than  to  be  able  to  attend  this  meeting  himself  and  to  thank 
them  personally  for  the  award. 

Address  by  the  President 

The  President  said  that  in  the  ordinary  way  the  next  item  on 
the  Agenda  at  an  Annual  Meeting  would  be  the  induction  of  the 
new  President.  Owing  to  the  very  unfortunate  death  of  their  late 
President  while  in  office,  he  had  the  honour  of  being  appointed  to 
succeed  him  and  was  duly  inducted  into  the  Chair  at  the  General 
Meeting  held  in  January  last.  He  was  hoping  that  perhaps  tliis 
might  relievo  him  of  the  task  of  having  to  deliver  a  Presidential 
Address,  but  apparently  he  was  not  to  be  l(»t  off  so  lightly  as  all 
that.  He  was  afraid  therefore  they  were  going  to  have  to  bear  with 
him  for  a  little  while  longer  while  he  carried  out  the  time-honoured 
tradition  of  the  Institution  of  reading  an  address,  or,  at  least,  as 
much  of  it  as  time  would  permit. 

He  then  proceeded  to  deliver  his  address. 


The  Inbtitution  of.Mining  and  Mbtalluboy. 


PRESIDENTIAL  ADDRESS. 

Exploration  and  the  Outlook  for  Metal  Supplies. 


Although  previous  occupants  of  this  Chair  Have  in  the  past  often 
remarked  upon  the  difficulty  they  have  experienced  in  selecting  a 
suitable  subject  for  a  Presidential  Address,  I  must  admit  that  I 
have  not  on  the  present  occasion  found  this  to  be  a  problem.  This 
is  due,  I  suppose,  to  the  fact  that  there  is  to-day  one  topic  upper- 
most in  the  minds  of  most  mining  engineers — namely,  *  Where  are 
our  future  supplies  of  some  of  the  metals  to  come  from  ?  '  and  if, 
as  would  certainly  appear  to  be  the  case,  the  answer  is  not  at  all 
clear  at  the  moment,  then,  *  What  do  we  as  mining  engineers 
suggest  ought  to  be  done  about  it  ?  ' 

I  think,  therefore,  that  I  cannot  do  better  than  devote  my 
remarks  this  evening  to  the  subject  of  *  Mineral  Exploration  *. 
First,  I  would  like  to  consider  the  general  position  as  regards  the 
probable  resources  of  some  of  the  more  important  metals  in  the 
world  to-day  and  what  the  prospects  are  for  finding  further  supplies 
of  them,  and,  secondly,  to  review  briefly  the  methods  employed 
in  the  search  for  new  orebodies. 

There  are  many  people  occupying  important  positions  both  here 
and  in  America  who  are  incUned  to  take  a  rather  pessimistic  view 
about  the  future  supply  of  some  of  the  base  metals.  On  the  other 
hand  there  are  many  persons,  whose  views  certainly  cannot  be 
ignored,  who  are  just  as  strongly  of  the  opinion  that  discoveries  of 
new  ore  deposits  will  continue  to  be  made  as  in  the  past  and  that 
there  is  no  need  to  become  unduly  alarmed  about  the  situation. 
As  is  so  often  the  case  in  differences  of  opinion  in  matters  of  this 
kind,  the  probability  is  that  neither  side  is  completely  right  and  that 
the  real  answer  will  be  found  to  lie  somewhere  between  these  two 
extremes. 

While  it  is  true  that  there  still  are  very  large  reserves  of  matay 
of  the  important  minerals,  such  as  coal,  phosphates,  the  ores  of 
iron,  molybdenum,  and  nickel,  it  is  equally  true  that  the  resources 
of  the  ores  of  some  other  important  metals,  particularly  lead, 
tin,  zinc,  antimony,  and  chromium,  are  decidedly  limited  in  extent 
as  far  as  our  present  knowledge  goes.  It  is  not  very  clear  in  which 
category  copper  should  be  placed,  but  this  will  be  referred  to 
again  later. 
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The  mining  engineer  and  the  mining  geologist  are  faced  with  two 
problems  of  paramount  importance : 

(1)  The  location  of  new  orebodies  within  mineralised  areas 
already  known,  and 

(2)  the  location  of  new  mineralized  districts  where  the  geological 
conditions  are  favourable  and  within  whose  confines  previously 
unknown  and  valuable  ore  deposits  may  occur. 

It  is  elementary,  but  nevertheless  worthy  of  repetition  over  and 
over  again,  that  some  of  the  most  promising  places  in  which  to 
look  for  new  ore  deposits  are  in  those  areas  that  are  already  known 
to  be  favourable  from  a  geological  point  of  view  for  the  deposition 
of  mineral.  In  this  connection  the  closer  examination  of  the 
immediate  neighbourhood  of  known  mineralized  areas  is  probably 
as  good  a  bet  as  any  and  perhaps  a  good  deal  better  than  most. 
There  are  doubtless  numerous  orebodies  still  lying  undiscovered  in 
the  vicinity  of  old  mine  workings  simply  for  the  lack  of  imagination 
on  the  part  of  the  management  or  the  absence  of  additional  lateral 
exploratory  work  by  cross-cutting  or  diamond  drilling.  The 
importance  of  cross-cutting  cannot  be  over-emphasized  and  yet  it 
is  surprising  how  often  this  fundamental  principle  of  imning 
practice  is  neglected. 

As  has  already  been  remarked  the  great  majority  of  producing 
mines  were  discovered  many  years  ago  and  of  recent  years  com- 
paratively few  new  ones  have  been  brought  to  the  production 
stage.  In  the  case  of  some  of  the  more  important  base  metals, 
particularly  lead  and  tin,  it  is  becoming  very  obvious  that  the 
known  resources  of  these  metals  are  none  too  plentiful.  If  the 
supply  of  these  two  metals  in  particular  is  to  be  maintained,  then 
time  is  getting  very  short  in  which  to  make  the  much -needed 
discoveries  of  additional  sources  of  supply. 

A  tremendous  amount  of  energy  and  skill  have  been  devoted  in 
the  past  and  are  still  being  employed  in  improving  mining  and 
nulling  methods  and  developing  new  processes  for  the  treatment  of 
ores  and  minerals.  This  is  all  to  the  good  and  will  no  doubt  result 
in  certain  complex  or  low-grade  ores  being  brought  into  the  economic 
category  instead  of  being  left  unworked  as  at  present.  It  might 
perhaps  be  more  logical,  however,  if  a  similar  amount  of  technical 
skill  were  also  to  be  devoted  to  improving  present-day  methods 
of  finding  new  orebodies. 

One  often  hears  the  opinion  expressed  that  in  the  past  most  of 
the  important  orebodies  found  in  the  world  have  been  discovered, 
not  by  engineers  or  geologists,  but  by  accident  or  by  those  persons 
who  happen  to  have  a  flair  for  such  things.    This  may  have  been 
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tnie  to  some  extent,  but  it  is  very  much  open  to  question  whether 
such  an  assertion  will  apply  at  all  in  the  future.  Most  of  the 
easily- discoverable  mineral  occurrences,  namely  those  that  outcrop 
on  the  surface,  have  already  been  found  and  in  future  one  will 
need  something  more  than  a  flair,  or  a  good  nose  for  ore,  to  find 
orebodies  which  do  not  give  any  direct  surface  indication  of  their 
presence. 

Nobody  will  denj^  I  think,  that  the  era  of  visual  prospecting 
has  entered  the  phase  of  diminishing  returns.  Doubtless  there  are 
a  few  parts  of  the  globe  which  have  not  yet  been  thoroughly  explored 
or  probably  even  looked  over  by  the  old-fashioned  prospector, 
«uch  as  parts  of  Alaska,  some  of  the  North-western  districts  of 
Canada  and  parts  of  Siberia,  and  Central  Asia.  These  areas, 
however,  represent  only  a  comparatively  small  portion  of  the 
earth's  surface  and  manv  of  them  do  not  contain  favourable 
rock  formations.  It  is  often  overlooked  that  a  large  part  of  the 
earth's  surface  consists  of  rocks  which  are  not  at  all  likely  to 
contain  metalliferous  deposits. of  economic  importance.  On  the 
other  hand  few,  if  any,  mining  engineers  and  geologists  will  deny 
that  in  all  probability  there  are  many  valuable  ore  deposits,  still 
undiscovered,  which  do  not  outcrop  or  even  approach  very  close 
to  the  surface.  The  question  arises,  therefore,  how  are  these 
deposits  going  to  be  found  so  that  they  can  be  developed  and 
brought  to  the  production  stage  to  take  the  place  of  present-day 
deposits,  many  of  which  are  rapidly  becoming, worked  out. 

There  is  an  old  Cornish  saying  that  *  Good  mines  die  hard  *  and 
this  is  just  as  true  to-day  as  ever  it  was.  Ore  reserves  sometimes 
have  a  fortunate  habit  of  persisting  much  longer  than  expected, 
owing  to  the  discovery  of  new  makes  of  ore  underground  and  the 
finding  of  extensions  to  known  orebodies  during  the  extraction  of 
the  ore.  Whilst  this  is  a  very  comforting  thought,  it  would  be 
dangerous  to  place  too  much  reHance  upon  such  persistence,  as  we 
all  know  of  cases  where  things  did  not  work  out  that  way  at  all. 

It  would  be  interesting  if  one  could  calculate  what  the  world's 
total  known  ore  reserves  of  the  more  important  base  metals  really 
are  at  the  present  time.  Reliable  data,  however,  are  unfortunately 
very  hard  to  obtain,  but  an  investigation  into  what  information  is 
available  makes  it  apparent  that  in  the  case  of  some  metals  at  an} 
rate  existing  known  reserves  are  becoming  uncomfortably  low. 

Lead  is  probably  as  simple  a  case  as  any  to  enquire  into,  owing 
to  the  fact  that  the  bulk  of  the  known  resources  of  this  metal  are 
centred  either  in  comparatively  few  districts  or  in  large  deposits 
which  can  be  more  or  less  gauged  as  to  their  probable  ext^wi  ^xA 


life.  I  have  therefore  endeavoured  to  make  a  more  detailed  study 
of  the  position  of  lead — and  this  naturally  had  to  include  its  oloae 
associate  zinc— but  soon  found  that  any  such  investigation  entaOed 
a  great  number  of  assumptions.  While  many  of  the  producing 
mines  publish  figures  of  their  ore  reser^esi  some  companies  appear 
very  reluctant  to  do  so.  Having  had  some  experience  of  the 
behaviour  of  lead-zinc  orebodies,  I  have  felt  emboldened  to  fill 
in  some  of  the  gaps  with  estimates  of  my  oi)A  whioh»  if  anything, 
have  perhaps  erred  on  the  optimistic  side.  Nothingi  however,  has 
been  allowed  for  the  U.S.8.B.  reeouroes  and,  knowing  from  personal 
experience  something  about  the  mineral  deposits  of  that  country 
and  their  possibilities,  I  fuUy  realize  that  this  is  a  most  important 
omission.  Any  estimate  for  ,that  country,  based  on  our  present 
meagre  information,  would  be  nothing  more  than  a  iwild  guess. 
But  whatever  those  resources  may  be  most  of  them  will  probably 
be  required  for  the  future  industrial  development  of  that  great 
country  itself.  For  the  U.S.A.,  which  still  contains  a  large  pro- 
*  portion  of  the  world's  reserves  of  these  two  metals,  I  have  taken 
the  figures  prepared  by  E.  T.  McKnight  aQd  E.  F.  FitzHugb, 
which  were  quoted  by  Elmer  W.  Fehrson  last  year  in  his  most 
illuminating  address  on  the  mineral  position  in  the  United  States. 

The  result  of  this  admittedly  rather  incomplete  study  is  startling. 
As  far  as  I  can  learn  from  the  information  available  there  would 
appear  to  be  only  sufficient  known  resources  of  the  ores  of  lead  in 
the  world  at  the  present  time  to  last  for  about  another  14  years 
at  the  pre-war  rate  of  consumption.  In  the  case  of  zinc  the  period 
is  undoubtedly  longer — probably  about  21  years.  That  does  not 
imply  that  all  the  present  mines  which  are  producing  lead  and  zinc 
will  be  worked  out  in  that  comparatively  short  time.  Some  of 
them  no  doubt  have  much  longer  lives  at  their  current  rate  of 
production,  but  it  does  certainly  look  as  if  the  total  world  supply 
will  iu  a  few  years  begin  to  decrease  and  before  long  will  be 
insufficient  to  fill  all  requirements. 

A  somewhat  similar  position  would  appear  to  be  the  case  as 
regards  the  world  supply  of  tin,  but  I  have  been  quite  unable  to 
find  any  reliable  figures  on  which  to  base  an  estimate,  and  here  the 
price  factor  will  also  probably  play  a  very  important  r61e.  There 
are  undoubtedly  large  tonnages  of  low-grade  material,  both  lode 
and  alluvial,  available  in  different  parts  of  the  world  which  cannot 
be  economically  operated  imder  present  conditions.  A  substantial 
"^^  increase  in  the  price  of  the  metal  or  an  improvement  in  the  present 

methods  of  treatment,  whereby  better  recoveries  could  be  made, 
would  probably  bring  a  large  quantity  of  tin-bearing  ground  into 
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the  economic  picture.  In  this  connection  it  should  be  borne  in 
mind  that  we  do  not  have  to  look  very  far  afield  to  find  such  places. 
According  to  many  competent  observers  Cornwall  is  only  awaiting 
an  opportunity  of  demonstrating  that  it  is  by  no  means  a  completely 
worked-out  area  and  that  it  is  quite  capable  of  continuing  to 
produce  substantial  quantities  of  tin,  provided  that  conditions  are 
made  more  attractive  to  capital  than  at  present  and  that  methods 
can  be  devised  whereby  something  better  than  a  fifty  per  cent 
recovery  can  be  made  from  some  of  the  ores  remaining  to  be  worked. 

Copper  is  much  more  widely  distributed  in  the  various  countries 
of  the  world  than  lead,  zinc,  and  tin  and  in  much  more  generous 
quantities.  In  fact  it  would  appear  at  first  glance  that  there  was 
a  plentiful  supply  of  this  most  essential  metal  but  it  must  be 
remembered  that  the  demand  is  also  very  great.  It  would  be 
difficult  to  estimate  how  much  copper  there  is  in  the  known  deposits 
of  the  world  but  there  is  apparently  no  real  shortage  in  sight  in 
the  near  future.' 

All  this,  I  think,  goes  to  emphasize  the  urgent  necessity  in  the 
immediate  future  for  a  global  survey  of  the  world's  resources  of 
these  base  metals,  as  has  already  been  suggested  in  certain  quarters. 
This  would  enable  a  much  clearer  view  of  the  whole  situation  to 
be  envisaged.  It  is  often  claimed  that  the  price  factor  will  always 
successfully  adjust  supply  to  demand,  but  there  must  be  definite 
limitations  to  the  application  of  this  theory  to  wasting  assets. 
Just  how  and  bv  whom  the  survev  should  be  carried  out  has  not, 
as  far  as  I  am  aware,  been  made  very  clear,  but  it  would  seem  that 
this  is  an  obvious  task  for  the  United  Nations  Organization. 
This  is  possibly  the  only  body  that  would  have  the  necessary 
authority  and  personnel  to  obtain  the  requisite  information  from 
all  the  various  countries  concerned.  And  surely  if  some  of  the 
hopes  expressed  in  the  Atlantic  Charter  and  subsequent  statements 
are  to  become  translated  into  actual  fulfilment,  then  a  global 
survey  of  the  mineral  resources  of  the  world  is,  it  would  seem, 
one  of  the  primary  tasks  that  this  body  ought  to  set  itself. 

Perhaps  one  of  the  best  ways  to  ensure  a  revival  of  interest 
in  the  search  for  new  mineral  deposits  would  be  for  governments 
to  agree  to  allow  all  expenditures  incurred  in  the  search  for,  and 
development  of,  new  orebodies  to  be  used  as  a  write-off  against 
future  operating  profits  before  taxation  is  applied.  The  profit 
motive  is,  after  all,  the  principal  incentive  in  mining  as  in  all  other 
industries  and  as  mining  is  more  highly  speculative  than  most  it 
deserves  much  more  sympathetic  consideration  from  governments 
and  taxation  departments  than  it  has  received  in  the  past.     This 
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obvious  home  truth  has  been  stressed  over  and  over  again  bj 
speakers  both  here  and  in  North  America.  As  is  well  known,  the 
Institution  has  taken  a  leading  part  in  bringing  the  matter  to  the 
notice  of  the  Authorities  in  this  country  with  very  encouraging 
results.  Much  has  been  accomplished,  but  more  remains  to  be 
done,  and  we  must  lose  no  opportunity  of  stating  our  case  as  often 
and  as  loudly  as  possible. 

Th^re  is  another  way  in  which  the  profit  motive  can  be  used  as 
a  further  incentive  in  the  search  for  new  ore  deposits  and  that  is 
by  giving  the  prospector  or  discoverer  either  a  cash  bonus  or  a 
small  percentage  interest  in  anything  he  finds^  This  is  already 
the  practice  in  Canada  and  other  parts  of  North  America.  It  is 
true  that  it  is  liable  to  lead  to  a  number  of  *  wild-cats '  being 
brought  in  for  examination  at  times,  but  an  occasional  '  winner ' 
makes  up  for  a  lot  of  disappointments. 

Having  demonstrated,  I  hope,  the  vital  need  for  more  intensive 
mineral  exploration  in  the  world  to-day,  I  would  now  like  to 
review,  somewhat  briefly,  the  various  prospecting  methods  which 
are  in  use  at  the  present  time.  These  can  be  classified  for  the 
most  part  under  the  following  headings  : 

(1)  Aerial  Reconnaissance. 

(2)  Surface  Prospecting. 

(8)  Geological  Survey  and  Mappinj^. 

(4)  Geophysical  and  Geochemical  Methods. 

(5)  Diamond  Drilling. 

(6)  Exploration  by  means  of  Sub-Surface  Workings. 

Aerial  Eeconnaissange 
From  the  point  of  view  of  making  direct  mineral  discoveries  it 
is  doubtful  whether  aerial  reconnaissance  is  of  very  great  practical 
value  at  present.  It  can,  however,  be  helpful  in  a  general  way, 
provided  too  much  is  not  expected  from  the  service.  Topographical 
features  can  be  picked  out  more  quickly  perhaps  from  the  air 
than  by  any  other  means  and  sometimes  characteristic  changes  in 
the  rock  formations  may  also  be  noted  bv  experienced  and  com- 
petent observers.  For  instance,  it  is  reported  that  at  Yellowknife 
in  the  North- West  Territories  of  Canada  the  geologists  were  able 
to  pick  out  from  the  air,  much  more  easily  in  fact  than  they  could 
on  the  j^round,  valuable  information  as  to  the  extent  and  boundaries 
of  the  favourable  shear-zones  in  which  the  gold-bearing  formations 
are  found.  It  has  also  recently  been  announced  that  some  of  the 
Nigerian  tin  companies  are  arranj^ins:  to  make  an  air  survey  of  their 
areas  in  that  country-  for  topographical  and  geological  infonnation. 
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One  way  in  which  aircraft  can  be  of  the  utmost  service  in  pros- 
pecting in  remote  regions  is  as  a  means  of  transportation  for  both 
men  and  materials.  Tremendous  strides  have  been  made  of  recent 
years  along  these  lines,  particularly  in  Northern  Canada,  where 
many  mining  prospects  and  even  some  producing  mines  are  almost 
entirely  dependant  upon  air  transport.  In  this  connection  the 
development  of  the  helicopter  is  being  watched  with  great  interest 
bv  mining  men.  This  would  seem  to  be  the  ideal  method  of 
supplying  and  keeping  in  touch  with  distant  prospecting  parties 
in  a  country  difficult  of  access  by  normal  means.  At  present 
helic^">pters  are  stated  to  be  rather  expensive,  both  as  regards 
initial  cost  and  operating  charges,  and  to  require  a  much  greater 
degree  of  technical  skill  to  operate  than  ordinary  aeroplanes, 
but  these  disadvantages  will  no  doubt  be  overcome  in  the  not 
too  distant  future. 

SUKFACE    PUOSPECTINO 

There  is  nothing  very  new  that  one  can  say  about  this  method 
of  locating  mineral  deposits,  which  is  almost  as  old  as  the  hills 
themselves.  The  real  old-fashioned  prospector  is  unfortunately 
becoming  nearly  extinct,  having  been  almost  frozen  out  by  the 
lack  of  opportunity  and  the  fierce  competition  of  the  field  parties 
■employed  by  so  many  of  the  large  mining  companies  to-day.  Also 
the  burden  of  heavy  taxation  has  })ractically  eliminated  the  grub- 
fit  aker.  Nevertheless  there  will  probably  always  be  a  few  adven- 
turous spirits  who  have  the  call  of  the  wild  in  their  blood  and  who 
will  continue  to  spend  most  of  their  time  in  the  *  back  of  beyond  *, 
ever  hoping  to  strike  something  rich  over  the  next  divide.  In 
those  countries  where  fur-bearing  animals  abound  the  trapper  is 
often  also  soniethiiig  of  a  prospector  and  many  are  the  samples 
of  mineral  brought  into  camp  by  these  hardy  fellows.  New 
<liscoverie8  will  therefore  no  doubt  continue  to  be  made  occasion- 
aIIv  bv  these  rouah  and  readv  methods,  but  to  a  much  lesser  degree 
than  in  the  past. 

The  development  of  the  drag-line  scraper  and,  more  recently, 
that  of  the  bull-dozer  and  angle-dozer,  has  placed  more  efficient 
weapons  in  the  hands  of  the  engineer  for  stripping  areas  around 
prospects  once  they  have  been  located.  Many  of  us  can  no  doubt 
think  i4  occasions  in  the  past  where  we  would  have  given  a  great 
deal  to  have  had  an  angle-dozer  available  at  a  promising  surface 
prospect,  instead  of  having  had  to  rely  on  pick-and-shovel  methods 
to  remove  overburden  and  expose  the  rock  formation. 
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Gkolooical  Survey  anu  Happi.no 
This  is  probably  the  most  important  first  step  to  take  in  ail 
mineral  exploration  prograiaoieR  after  a  protiiisijig  area  has  once 
be«n  located.  Topographical  and  geological  maps  are  uf  the 
ntmost  importance  and  without  them  one  is  liable  to  waste  &  great 
deal  at  time  and  probably  miss  important  clues.  Such  an  important 
subject  can  faardly  be  enlarged  upon  here  and  it  must  therefore  fo» 
left  with  only  this  brief  reference. 

Geophysical  Methods 

To  many  people  geophysical  prospecting  has  been  something  of 
e.  disappoiutnient.  lu  its  early  days  it  appeared  to  have  all  the 
possibilities  of  the  revolutionary  method  for  which  we  bad  all 
been  waiting  for  finding  concealed  ore  bodies,  and  noian  of  us  thought 
that  here  at  last  was  the  answer  to  the  mining  engineer's  prayer. 
There  is  no  question  that  verj-  important  orebodies  have  been 
discovered  by  these  methods,  as  some  of  us  well  know  and  for 
which  we  are  everlastingly  grateful,  Aa  one  who  has  actually 
seen  several  million  tons  of  high-grade  sulphide  ore,  which 
gave  no  indication  of  its  presence  on  the  surface,  discovered 
entirely  by  geophysical  metlmds,  I  feel  that  there  must  be  s  great 
future  for  this  comparatively  new  science.  But.  unfortunately 
4he  early  successes  were  rather  too  good  to  last  and  it  was  soon 
realized  that  there  were  decided  limitaticms  to  geophysical  methods 
of  prospecting. 

Although  many  valuable  discoveries  have  been  made  by  these 
methods,  it  is  equally  true  that  there  have  also  been  failures 
and  disappointments.  One  (^  the  main  defacts  appears  to  be 
that  so  far  it  has  not  been  found  possible  in  many  instances  to 
-distinguish  between  valuable  and  worthless  minerafi cation.  This 
is  perhaps  not  to  be  wondered  at,  as  it  is  not  always  easy  to  do  this 
even  by  visual  methods.  Unfwtunately  it  is  also  often  impossible 
to  distinguish  between  indications  caused  by  mineralization  and 
those  resulting  from  barren  structures,  such  as  faults,  shears, 
and  brecciation. 

It  is  doubtful  whether  any  of  the  eleetric  or  magnetic  methods 
at  present  employed,  other  than  in  exceptionally  favourable 
circumstances,  can  be  depended  upon  to  locate  orebodies  at  mors 
than  a  comparatively  short  distance  below  the  surface.  To  what 
depth  these  geophysical  methods  are  effective  is  an  uncertain 
factor  at  present  and  this  no  doubt  varies  with  the  nature  of  the 
formation.  It  does  not  follow,  therefore,  that  because  an  area 
has  been  prospected  geophysically  and  drawn  blank  that  there 
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are  no  mineral  deposits  at  depth  in  that  area.  It  may,  however, 
be  taken  for  granted  that  there  is  no  mineralization — at  least  of  a 
kind  which  gives  electrical  anomalies — of  major  importance  lying 
anywhere  close  to  the  surface.  Here  I  must  emphasize  that  these 
remarks  refer  only  to  prospecting  for  metalliferous  deposits  and 
have  nothing  to  do  with  oil,  which  is  quite  a  different  story. 

In  a  paper  recently  pubhshed  by  one  of  our  members,  Hans 
Lundberg,  a  leading  authority  on  these  matters,  it  is  definitely 
stated  that 

(1)  Bodies  of  sulphide  may  create  less  electrical  activity  than  a  scant 
dissemination  of  the  same  mmeral. 

(2)  Porosity  and  fracturing  in  a  rock  will  increase  its  conductivity. 
Thus  the  usual  resistivity  methods  show  no  distinction  between  the 
mineralized  zones  and  moist  porous  rock. 

The  above  two  quotations  alone  illustrate  only  too  clearly  some  of 
the  difficulties  to  be  overcome.  However,  in  these  days  of  mar- 
vellous scientific  discoveries,  of  which  we  have  had  evidence 
during  the  war  years  in  connection  with  *  Radar  *  and  supersonic 
devices,  perhaps  it  is  not  too  much  to  hope  that  before  long  some 
new  and  revolutionary  process  may  be  perfected  whereby  mineral 
deposits  which  are  at  present  completely  hidden  may  be  brought 
into  the  service  of  mankind. 

There  have  been  numerous  rumours  lately  of  wonderful  results 
that  are  being  obtained  by  Badar  methods  for  the  locating  of 
concealed  ore  deposits,  but  unfortunately  it  is  impossible  to  obtain 
any  reliable  infonnation  about  these  reports.  ^lean while  one 
hesitates  to  attach  too  much  importance  to  them.  We  also  hear 
of  Eadar  being  employed  in  topographical  map-making  from 
aeroplanes  and  it  is  well  known  that  experiments  are  now  in 
progress  in  the  use  of  geophysical  methods  from  the  air  where  the 
instruments  are  carried  in  a  hehcopter  which  can  travel  at  any 
required  speed  and  height  from  the  ground.  By  this  means  it  is 
claimed  that  a  lot  of  territory  can  be  covered  in  a  comparatively 
short  time,  but  whether  it  will  be  possible  to  discover  orebodies 
by  this  method  remains  to  be  seen.  It  may  sound  rather  fantastic, 
but  scoffers  should  beware,  they  may  get  a  big  surprise  one  day  ! 

It  is  of  the  greatest  interest,  therefore,  to  the  mining  profession 
in  this  country  to  learn  that  steps  have  already  been  taken,  or  are 
in  the  course  of  being  taken,  to  provide  departments  of  geophysical 
surveying  both  at  Cambridge  University  and  at  the  Imperial 
College  in  London.  There  is  no  doubt  a  great  field  for  experiment 
and  research  in  this  comparatively  new  branch  of  science,  and  it 
is  to  be  sincerely  hoped  that  no  time  will  be  lost  in  bringing  these 
departments  into  full-scale  operation.     There  surely  must  be  a 
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great  and  promising  future  for  geophysical  methods  in  mineral 
exploration  and  some  of  us  are  still  hopeful  that  this  will  evoatnally 
prove  to  be  the  long  looked  for  solution  of  our  problems  connected 
with  the  finding  of  concealed  ore  deposits. 

Oeochehical  Mithods 

It  is  also  claimed  that  substantial  progress  has  been  made  of 
recent  years  in  the  use  of  geochemical  methods  in  the  search  for 
mineral  deposits,  but  so  far  the  evidence  is  not  very  conclusive. 
It  sounds  rather  like  a  return  to  methods  employed  in  mediaeval 
times,  when  the  peculiarities  of  the  vegetation  growing  on  the 
surface  were  thought  to  give  indications  of  lodes  and  veins  in  the 
rocks  below,  as  mentioned  by  Agricola.  Now  to-day  it  is  said  to 
have  been  demonstrated  that  the  soil  and  ground  water  in  the 
immediate  vicinity  of  an  orebody  contain  small  amounts  of  the 
metals  present  in  the  deposit ;  also  that  the  presence  of  these  metab 
can  often  be  detected  by  the  analyses  of  the  leaves  of  trees  and 
plants  growing  on  the  surface  above  an  orebody.  By  following 
up  these  clues  it  is  claimed  that  the  location  of  the  source  of  these 
metals  can  be  determined.  Radioactivity  methods  are  also 
expected  to  prove  helpful  in  the  discovery  of  new  mineral  deposits, 
but  it  would  appear  that  in  all  these  interesting  and  fascinating 
conjectures  we  must  await  further  enU^tenment  and  proof. 

Diamond  Drilling 

Bore-holeB  are  probably  one  of  the  quickest  and  most  helpful 
methods  that  can  be  employed  in  the  search  for  mineral  deposits, 
provided  the  rock  and  mineral  formations  are  favourable  for 
drilling.  However,  in  some  formations,  such  as  narrow  gold 
veins  with  spotty  values  and  lodes  of  uneven  texture,  too  much 
reliance  should  not  be  placed  on  assay  results  obtained  from  bore- 
holes, although  these  holes  undoubtedly  give  useful  information, 
particularly  negative  information.  In  the  case  of  ores  of  a  homo- 
geneous character,  such  as  large  pyritic  or  mixed  sulphide  deposits, 
the  results  obtained  from  bore-holes  can  generally  be  relied  upon, 
provided  a  high  percentage  of  core  recovery  (90  per  cent  or  more) 
-is  obtained. 

It  is  sometimes  contended  that  in  diamond  driUing,  if  the  core 
recovery  is  low,  there  is  always  the  sludge  sample  to  fall  back 
upon.  But  this  is  a  dangerous  procedure  to  adopt,  as  it  is  not  at 
all  certain  where  in  the  bore-hole  some  of  the  values  found  in  the 
sludge  samples  have  come  from  and  serious  salting  of  the 
samples  may  occur.  Only  in  the  most  favourable  ground  for 
drilling  are  sludge  samples  likeh'  to  be  more  or  less  reUable  and 
there  the  core  recovery  has  also  probably  been  so  high  that  further 


a.  F.  laycock:    piubsidential  addbbss.  21 

samples  are  not  necessary.  The  importance  of  surveying  bore- 
holes is  often  overlooked,  but  this  should  be  made  standard  practice. 
It  is  surprising  how  holes  become  deflected  from  their  proper 
course. 

The  introduction  of  the  pre-cast  crown  and  the  improved  design 
of  core-barrels,  together  with  the  higher  speed  at  which  the  machines 
can  now  be  run,  are  the  outstanding  improvements  in  current 
drilhng  methods.  Nevertheless,  it  is  somewhat  disappointing 
that  more  has  not  been  achieved  in  this  respect,  as  diamond 
driUing  machines  and  methods  have  not  really  advanced  very  much 
during  the  past  few  decades.  Consequently  the  driUing  of  bore- 
holes is  still  a  rather  costly  business.  It  would  seem  that  here 
also  is  a  promising  tield  for  research  and  improvement. 

If  the  cost  of  diamond  drilling  could  be  brought  down  to  a 
more  reasonable  figure  there  would  be  a  much  greater  amount  of 
drilhng  done  and  the  chances  of  finding  new  orebodies  or  zones  of 
mineralization  would  be  correspondingly  increased.  Some  of  ub 
would  like  to  see  many  more  drills  at  work  than  are  in  use  at 
present,  and  while  by  no  means  advocating  the  drilling  of  wild-cat 
holes  we  would  be  quite  willing  to  take  rather  longer  shots  at 
times  and  even,  in  some  instances,  test  what  are  nothing  more 
than  mining  or  geological  *  hunches  '.  But  it  should  always  be 
remembered  that  in  most  cases  bore-holes  are  only  indicators 
and  that  any  mineral  discoveries  made  by  their  means  must  be 
confirmed  by  underground  workings. 

Exploration  by  Means  of  Sub-surface  Workings 

Once  a  minerahzed  bodv  has  been  definitely  located,  it  becomes 
necessary  to  carry  out  exploration  of  the  deposit  in  depth  as  soon 
as  possible  by  means  of  adits,  shafts,  drifts,  etc.,  the  making  of 
which  is  th(^  everyday  task  of  the  mining  engineer.  It  is  only 
necessary  here  to  mention  that  in  more  recent  times  this  class  of 
work  has  been  greatly  facilitated  by  the  development  of  the 
internal  combustion  engine,  improved  pumping  and  ventilating 
equipment,  lighter  rock  drills  such  as  jack-hammers,  drill-rigs 
fcjr  shaft  sinking,  and  so  forth. 

The  early  stages  of  an  exploratory  programme  are  much  simpler 
affairs  to-day  than  they  were  20  to  30  years  ago.  Then  one  generally 
had  to  transport  boilers  and  heavy  equipment  through  the  bush 
or  over  rough  country,  whereas  now  much  lighter  equipment  and 
more  efficient  means  of  transport  are  available.  Once  the  mineral 
deposit  is  discovered  there  should  be  no  undue  delay  in  finding 
out  whether  it  persists  in  depth  and  is  of  sufficient  importance  to 
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justify  fall  deyelopment  in  order  to  bring  it  to  tiie  piodmfeiooi 
gtage. 

The  present  problem  is  to  find  the  deposits.  -  The  zest  is  com« 
paratively  easy  and  can  be  taken  in  his  stride  by  the  properiy 
qualified  and  experienced  mining  engineer. 

To  return  now  to  the  query  raised  at  the  beginning  of  this 
address — namely,  how  are  we  going  to  find  the  new  orebodies 
which  must  and  will  be  found  it  mining  engineers  are  given  the 
necessary  scope  and  freedom  of  action  ?  As  a  contribution  towards 
arriving  at  a  solution  to  this  problem  I  would  like  to  emphasise  the 
following  suggestions,  some  of  which  have  no  doubt  been  made 
previously  but  which  cannot  be  repeated  too  often : — 

(1)  Intensive  research  should  bo  carried  out  in  an  attempt  to 
develop  new  or  improved  methods  of  geophjrsical  exploration, 
whereby  some  of  the  uncertainties  and  weaknesses  in  existing 
methods  can  be  eliminated. 

(2)  Operating  companies  must  be  encouraged  by  governmental 
assistance  in  the  form  of  relief  of  taxation  to  carry  out  energetic 
prospecting  for  new  sources  of  ore  in  and  around  existing  mine 
workings  by  means  of  geological,  geophysical,  and  diamond- 
drilling  methods. 

(3)  Exploration  companies  should  be  formed  to  investigate 
virgin  areas  which  are  known  to  have  potentialities,  but  where 
old-fashioned  prospecting  methods  of  visual  surface  examination 
are  by  themselves  useless.  In  this  case  prospecting  rights  must  be 
granted  over  large  areas  to  justify  the  considerable  expense  and 
scale  of  operations  which  would  be  required.  All  such  expenses 
and  those  incurred  in  bringing  any  mineral  deposits  discovered 
to  the  production  stage  should  be  allowable  for  taxation  purposes 
as  deductions  against  any  future  profits. 

If  these  things  are  done  I  venture  to  predict  that  important 
discoveries  of  new  mineral  deposits  will  continue  to  be  made  and 
the  present  unsatisfactory  position  as  regards  the  future  supply  of 
some  of  the  metals  may  then  assume  a  very  dififerent  aspect,  but 
time  is  gettiny  short. 

Before  I  close  this  address  I  would  like  to  say  a  few  words  to 
the  younger  members,  particularly  our  Student  members,  to  whom 
we  must  look  in  the  future  to  carry  on  the  good  work  of  finding 
new  mines.  This  is  fundamentally  a  young  man's  job.  We  older 
members  can  talk  and  preach  as  much  as  we  like,  but  we  cannot 
now  go  out  into  the  field  and  engage  in  the  rough  and  tumble  of 
exploratory  work,  as  many  of  us  have  done  in  the  past,  and  without 
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such  work  no  new  discoverieB  will  be  made.  To  our  younger  mem* 
bers,  therefore,  and  also  to  all  those  boys  of  school  leaving  age 
who  are  wondering  what  particular  line  of  endeavour  to  pursue, 
may  I  say  that  although  it  may  be  true  that  the '  Age  of  Adventiire  ' 
is  no  longer  with  us,  as  in  the  time  of  our  forefathers,  there  is  still 
plenty  of  scope  in  the  Mining  and  Metallurgical  professions  for 
any  young  man  with  an  adventurous  spirit.  He  will  see  the 
world,  get  all  the  thrills  he  wants  and  at  the  same  time  have  the 
satisfaction  of  accomplishing  something  of  real  value  to  the  human 
race. 

As  the  poet  Blake  says,  *  Great  things  are  done  when  men  and 
mountains  meet '. 


Vote  of  Thanks  to  the  President 

Prof.  W.  R.  Jones,  in  proposing  a  vote  of  thanks  to  the 
President,  said  he  wished  to  congratulate  the  members  on  having 
listened  to  an  address  which  was  of  the  most  profound  importance 
to  the  mining  and  metallurgical  industrj'.  Mr.  Laycock's  knowledge 
of  the  mineral  resources  of  the  world  and  especially  those  of  lead 
and  zinc  gave  authority  to  his  disturbing  statement  that  the 
supply  of  lead,  if  used  at  the  present  rate  of  consumption,  would 
decrease  rapidly  after  14  years  and  that  of  zinc  after  21  years. 
Doubtless  there  would  be  future  discoveries  of  lead-zinc  and  other 
ores,  but  it  did  seem  inevitable  that  in  the  future  lower-grade 
deposits  would  have  to  be  worked  than  in  the  past.  That  was  one 
of  the  vrreat  problems  that  faced  the  mining  engineer. 

There  was  an  almost  unbelievable  unawareness  on  the  part  of 
Govenimonts,  including  our  own,  of  the  really  urgent  necessity  of 
inaugurating  campaigns  for  the  discovery  of  new  deposits  of 
minerals  of  economic  importance  and  no  effort  should  be  spared  to 
bring  this  very  prominently  before  them.  The  various  methods 
which  the  President  had  so  clearly  outlined  for  the  discovery  of 
new  mineral  deposits  should  be  very  widely  studied.  The  whole 
address  was  so  copious  in  infonnation  and  so  provocative  in  outlook 
that  it  would  fonn  a  most  valuable  part  of  the  Institution's  records. 

Mr.  G.  Keith  Allen,  in  seconduig  the  vote  of  thanks,  said 
that  the  standard  set  in  the  address  was  of  an  order  of  which 
Mr.  Laycock  could  well  be  proud  and  on  which  the  Listitution 
could  congratulate  itself,  for  the  address  would  occupy  a  high 
place  in  its  records.  The  address  dealt  not  only  with  the 
fundamentals  of  the  metal-mining  industries,  but  also  with  one 
of  the  essentials  in  the  structure  of  our  civiUzation,  and  as  such 
it  must  be  their  hope  that  the  President's  observations  would 
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roach  beyond  the  coofines  of  the  Iiutitation  to  those  higher  levels 
where  the  only  effective  action  was  possible. 
The  rosolution  was  carried  by  acclamation. 

The  Ptesidaiit*  in  reply,  said  that  oongratnlationB  were  always 
pleasant  to  receive  although  one  might  have  some  donbts  as  to 
whether  they  were  fully  deserved.  Be  that  as  it  may,  he  thanked 
them  very  much  indeed.  He  wished  to  mention  that  this  address 
wa8  4>ropared  some  time  ago,  since  when  the  question  of  the  future 
supply  of  metals  had  been  referred  to  by  many  other  speakers,, 
particularly  in  America.  Therefore  some  of  his  comments  might 
in  the  meantime  have  lost  some  of  their  freshness  and  might  have 
become  rather  trite.  However,  it  was  always  some  satisfaction 
to  know  that  other  people  were  thinking  along  the  same  lines 
and  that  one  had  selected  such  a  topical  subject  for  an  address. 

Election  of  Counoil 

Mr*  P.  T.  HalflOy  then  presented  the  Beport  of  the  Scrutineers 
and  the  result  of  the  ballot  for  Members  of  the  C!ouncil  for  tbe 
Session  1946-47»  which  was  as  follows : 

John  Caldwell  Allan.  •  Williah  Alfred  Cyril 

Leslie  Huoh  Bartlett  Newman. 

(India).  John  Carroll  Nxcholls 
Henry  Hugh  Whitblock  (Canada). 

BoYES  {West  Africa),  Russell  Johnston  Parker 
Angus  Leicester  Butler.  (U.S.A.), 

Tom  Eastwood.  ^^^^  P^dward  Parsons. 

Sir  Lewis  Leigh  Fbrmor.  ^^^^'p  Rabone. 

William  Henry  Cranstoun  ^^"^  Herbert  Rich 

Geikib  (Malaya). 

Donald  Gill.  ^^^^  Anthony  Sidney 

RiTSON. 


Vernon  Harbord. 
Arthur  Hibbert. 


Richard  Hugh  Skelton. 

T  ,,         TT  Ralph  Shelton  Griffin 

Laurence  Carr  Hill.  Stokes 

Charles  Ernest  Joblino.  Dj^yn,  Arnold  Thompson. 

William  Richard  Jones.  William  George  Wagner. 

Julius  Kruttschnitt  Arthur  John  Walton 

(Aiistralia).  (SauUi  Africa), 

Geoffrey  Musgrave  Arthur  Robert  Owen 

(Bhodesiq).  Williams. 
A  vote  of  thanks  was  accorded  to  the  Scrutineers  and   the 
proceedings  then  terminated. 
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Subject  to  revision.]      [A  Paper  issued  on  July  Wth^  1946,  to  be 

submiMed  jor  discussion  at  a  Meeting  oj 
the  Institution  of  Mining  and  Metallurgy, 
to  he  held  in  the  Apartvienls  oj  the  Geological 
Society  oj  London,  Burlington  House^ 
Piccadilly,  London,  W,\,  on  Thursday, 
October  nth,  1946,  at  6.0  o'clock  p.m. 

Anglo-American  Magnesiuin  Production. 

By  P.  L.  Teed,  Member. 

Introduction 

Under  the  stimulus  of  national  emergency  great  things  have 
been  accomplished  in  every  field  of  applied  science  and  although 
nothing  else  can  compare  either  in  effort,  result,  or  implication 
with  the  Allied  epoch-making  developments  in  nuclear  physics, 
metallurgy  also  has  had  a  war-time  history,  indicative  of  the 
conspicuous  part  which  it  has  played.  Having  been  officially 
associated,  both  in  Great  Britain  and  in  the  United  States,  with 
one  of  these  developments — namely,  magnesium  production — 
the  author  is  able  to  indicate  in  broad  outline  what  was  done  in  this 
field  and  to  assert  that,  under  the  very  difficult  conditions  under 
which  it  was  accomplished,  it  was  no  mean  achievement. 

Since  Sir  Humphrey  Davy  first  isolated  magnesium  in  1808  the 
history  of  its  development  is  some  20  years  longer  than  that  of 
aluminium,  yet,  in  spite  of  this  initial  advantage  in  point  of  view 
of  time,  the  production  of  the  hghter  metal  has  greatly  lagged 
behind.  That  this  is  so  is  beyond  controversy,  but  as  to  the 
technical  reasons  for  it  there  are  many  vigorously  held  and  sharply 
divided  opinions.  In  Table  I,  the  principal  physical  characteristics 
of  magnesium  are  set  out,  while  in  the  Appendix  will  be  found  the 
chemical  compositions  and  mechanical  properties  of  the  British  and 
American  alloys  which  are  the  subject  of  official  specifications. 

Table  I  and  the  Appendix  indicate  the  reasons  for  the  use  of 
magnesium  as  an  engineering  material  and  also,  because  of  its 
outstanding  electro-chemical  potential,  suggest  that  as  a  reducing 
agent  and  also  as  a  sacrificial  cathode  in  giving  protection  from 
corrosive  attack  it  might  well,  and  indeed  does,  have  useful 
applications.  One  more  and  indeed  an  outstanding  characteristic 
has  to  bo  mentioned  in  order  to  explain  why  this  former  Gindet^Vl^ 
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PlMMiOAXi  OBABACneRiBTICSB^  OF'  MAOfitltetlTtt 

Crystalline  Syatem   Hexagonal,  close  packed. 

Akimio  Weight ...« 24-38 

laotopea  ..^ 3  (U,  26»  and  26) 

Atomio  Number    ..«. » 12  - 

Density  at  20*^  Ci,  99*9  per  cent  Mg.     1*738  gm.  per  ou.  cm. 

»,       ,,  Melting  Point,  Solid     1*066    »,        „       ,, 

ft  '      »»'  '    »f  f>      lAftiid  1'684    „        „        „ 

Bleotrioal  Jlesistance  at  20^  C.  s 

Cast 4-36  —  4*49  x  1(M  ohms  per  on.  cm. 

Extruded   4-43  —  4-60  X  lO-*      „      „     „    „ 

RoUed     4-60  — 4-77  X  ia-<      „      „     „    „ 

Thermal  OondoiMi^vHy  ai    JKT  O.  ..wluO'tdS  ofed.  par  60..am.  igt^  iec. 

».  Wf  ej-351      ,,  „  „        , 

»f  M  »f  *VU  ••  .11*040  ,,  y,  „ 

M    300« 0-339      „ 

Melting  Point    649  —  661°  C. 

Boiling  Poibt  at  Atmoai4ierioPreaBuie],<)94' — 1,120''C.- 

Latent  Heat  of  FuMon. • ;,...46*5  oal.  per  gm.. 

Specific  Heat  at    20'' a 0:241 

100^  0-262 

„      M  200* 0-262 

M  M      »  500° ;.....:.:. ...0-273  . 

Coefficient  of  Expansion  M  O**— 100°  C.  26«6  x  10-"  per  ^. 
M        M  «  O**— 200^      26-2x10-^    „     „ 

„      „        .•  o''~3po° .   270 x  ia-«   „    „ 

Young*8  Modulufl 6-4  x  10*  lb.  per  aq.  in. 

Shear  „         2-5  x  10*       „ 

Poi8Bon*B  Ratio 0-33 

Potential  in  relation  to  the  Calomel 
Electrode  in  Seawater 1,400  ~  1«600  millivolts. 

*The  figures  given  have  been  taken  from  numerous  sources.  Where 
recognized  authorities  differ  by  small  amounts,  the  mean  of  their  results 
has  been  used»  and  where  divergence  is  somewhat  greater,  its  range  has 
been  indicated. 

of  the  metals  advanced  so  rapidly  in  prestige  upon  the  strategic 
stage.  During  the  Spanish  Civil  War  incendiary  bombs,  largely 
composed  of  a  magnesium-rich  alloy,  were  dropped  by  Oenuan 
aircraft  with  such  effect  that  military  observers  watching  this 
dismal  prelude  to  Armageddon  realized  that  a  weapon  of  great 
potentiaUty  had  been  disclosed,  whose  mass  manufacture  must 
be  the  concern  of  those  responsible  for  aircraft  armament  in  their 
respective  countries.  Thus  a  further  stimulus  to  magnesium 
production  came  about,  which  it  can  now  be  said  has  been 
responsible  for  the  consumption,  in  the  fonn  of  incendiaries,  of 
more  than  half  the  metal  made  by  Great  Britain  and  the  United 
States  during  the  war  period.  Finally,  its  previous  use  should  not 
be  forgotten,  for  the  capacity  of  the  powder  to  give  light  singularly 
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uaeful  for  photography  and  for  visual  observation  has  had  wide 
application  in  flash  bombs,  flares,  signalSi  and  a  number  of  similar 
devices. 

Recent  HistofSy  of  Magnesium  Production 

During  the  war  of  1914-1918  the  United  States  possessed  a  small 
magnesium  industry,  of  which  the  output  was  mainly  consumed 
in  pyrotechnics,  but  of  the  seven  firms  then  engaged  in  this  activity 
only  two  long  survived  the  conclusion  of  hostihties,  while  from 
1928  to  1940,  American  production  depended  entirely  on  a  single 
firm,  whose  output  in  1989  was  but  3,000  long  tons. 

The  making  of  the  metal  in  substantial  amounts  in  Great  Britain 
was  not  begun  until  1935,  when  two  companies,  using  entirely 
different  processes,  became  producers.  In  the  year  of  the  outbreak 
of  war  their  combined  manufacture  amounted  to  5,000  tons,  a 
figure  which,  while  at  the  time  a  cause  both  of  congratulation  and 
satisfaction,  was  to  become  of  very  modest  proportions  in  the  light 
of  developments  soon  to  be  put  in  hand  on  both  sides  of  the  Atlantic. 
•  In  the  United  States  conditions  both  before  and  subsequent  to 
Pearl  Harbour  were  far  more  favourable  for  expansion  than  in 
Great  Britain,  for  technical  staff,  constructional  and  operational 
labour,  electric  power,  and  raw  materials  were  all  much  more 
readily  available.  Thus  it  came  about  that  at  the  conclusion  of 
hostihties  the  two  countries  possessed  the  following  respective 
proved  magnesium  production  capacity  : — • 

United  States,  268,000  long  tons/annum,  and 

Great  Britain,  28,000  long  tons/annum — 
located  in  some  20  widely-dispersed  units,  varying  in  output  from 
under  2,000  to  over  50,000  long  tons  per  annum  and  operating  on 
a  wide  variety  of  processes.  The  war-time  plants  were  not  selected, 
either  as  regards  their  productive  processes,  or  as  to  the  area  in 
which  they  were  located,  on  the  basis  of  economics  ;  the  main 
consideration  was  to  obtain  the  maximum  amount  of  magnesium 
in  the  shortest  space  of  time.  Mistakes  have  been  made.  Some 
processes,  so  encouraging  on  theoretical  consideration  or  even  from 
laboratory  results,  have  failed  to  reach  an}^  significant  output. , 
Competing  claims  of  otker  war  industries  for  either  labour,  electric 
power,  or  even  materials,  have  sometimes  prevented  e^cient 
plants  from  operating  efficiently.  Nevertheless,  now  the  curtain 
has  been  rung  down,  it  can  be  said  that  while  in  the  two  Allied 
countries  slightly  under  £110,000,000  was  spent  by  Government 
agencies  in  expanding  their  sources  of  magnesium  production, 
the  actual  combined  yield  exceeded   the  estimate.    From  tha 
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Spring  of  1948  onwapchi  metal  was  broaght  into  boing  ai  aimla 
safficient,  and  soon  aftenrards  more  than  suflbHsnt^  to  satisfy 
War  requirements. 
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The  prooeBses  which  were  selected  for  plant  expansion  were 
to  a  considerable  extent  in  satisfactory  operation  before  the 
national  etneigency  arose^  bnt,  for  pnrely  logistic  reasons,  a  policy 
of  limere  expansion  of  existing  plants  or  the  building  of  similar 
units  id  other  localities  could  not  be  adopted.  New,  and  in  two 
instances  virtually  tintried,  processes  had  to  be  supported,  as  they 
promised  to  allow  of  obtaining  metal  sooner,  although  admittedly 
at  gfeater  expense,  than  would  hare  been  the  case  were  a  mere 
duplication  of  contemporary  units  undertaken. 

As  a  result  of  these  considerations  the  appropriate  British 
and  American  departments  sponsored  processes  operating  on  the 
fc^wing  principles  I  :*^ 

(a)  Electrolytic  reduction,  and 
■  (b)  Thermal  reduction.  • 

The  firstHiamed  can  be  divided  into  two  dasses-^Hnamely, 
one  in  which  the  cell  was  mainly  fed  with  anhydrous  magnesium 
chloride  and  the  other  whose  feed  was  largely  composed  of  a  some- 
what hydrated  salt.  The  thermal  methods  were  represented  by 
the  following  sub-heads,  in  which  the  outstanding  characteristic 
was  the  use  of  a  particular  reducing  agent : — 

(a)  Calcium  carbide, 

(b)  Aluminium, 

(c)  Ferro-silicon,  and 

(d)  Carbon, 

the  last-mentioned  process  being  developed  almost  entirely  by 
private  enterprise. 

Baw  AIatkbials 

To  produce  magnesium  the  primary  material  required  for  the 
electrolytic  process  is  magnesium  chloride,  while  for  thermal 
processes  either  magf^esia  or  calcined  dolomite  is  essential.  These 
substances  havi^  been  produced  from  a  variety  of  sources,  the 
following  being  the  most  important : 

(a)  Magnesite, 

(6)  Dolomite, 

(o)  Seawater,  and 

(rf)  Natural  brine. 

Magnesite  of  sufficient  purity  was  available  so  long  as  adequate 
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shipping  existed,  but  as  the  war  at  sea  gnmlj  developed,  putting 
its  ever-increasing  premium  on  tonnage  both  in  Great  Britain  and 
in  the  United  States,  greater  attention  had  to  be  paid  to  the  use 
of  indigenous  materials,  the  following  being,  of  necessity,  sketchy 
indications  of  the  many  processes, used  to  accomplish  this  end. 

Making  Magnesia 

While  high-grade  magnesite  wag  available,  all  that  was  necessary 
was  to  calcine  the  material  in  a  gas-,  coal-,  or  oil-fired  kiln,  but, 
depending  on  the  nature  of  the  process  to  be  subsequently  used, 
the  maximum  temperature  of  calcination  varied  from  900  to 
1,250°C.  The  carbo-thermic  process,  which  is  described  later,  was 
exceptional  in  this  respect,  as  it  was  able  to  deal  equally  well 
with  material  whatever  its  temperature  of  calcination,  provided 
always  this  had  been  sufficiently  high  to  drive  off.  the  bulk  of  the 
combined  carbon  dioxide.  In  at  least  one  instance,  an  impure 
magnesite  was  substantially  improved  prior  to  calcination  by  fine 
grinding  followed  by  froth  flotation. 

In  both  countries  during  the  war  period,  and  also  previously, 
very  substantial  quantities  of  magnesia  had  been  made  from 
sea-water  by  the  precipitation  of  the  magnesium  salts  therein, 
either  as  a  result  of  double  decomposition  reactions  with  slaked 
lime  of  the  following  type  : — 

MgClj  +  Ca(OH)2  =  Mg(OH)2  -f-  CaClj 
MgS04  +  Ca(0H)3  =  Mg(OH),  +  CaSO^ 
ur  by  using  calcined  dolomite  as  an  alternative  precipitant,  which, 
certainly  as  far  as  its  lime  content  was  concerned,  had  undergone 
hydration.  In  both  cases  the  precipitate  would  be  subsequently 
calcined.  However,  if  slaked  calcined  dolomite  were  used  as  the 
precipitant  the  total  yield  per  ton  of  sea-water  treated  would  be 
approximately  double  that  obtained  with  slaked  lime  precipitation, 
owing  to  the  presence  of  the  initial  magnesia  content  of  the  former 
material  in  the  final  product. 

To  those  who  have  not  considered  the  problem,  the  recovery 
of  magnesia  (and  ultimately  of  magnesium)  from  seawater  has  been 
thought  to  be  something  akin  to  magic  and  at  the  same  time  a  mere 
temporary  expedient.  Fundamentally  it  is  the  almost  complete 
insolubility  of  magnesium  hydrate  (about  0-0034  per  cent  at  15°C. 
for  the  al2)Jia  and  0-008  per  cent  for  the  beta  varieties)  which  makes 
this  remarkable  process  so  effective.  Even  with  a  solution  of 
magnesium  salts  as  attenuated  as  that  which  exists  in  seawater 
the  addition  of  an  alkaline  hydrate  causes  a  precipitate  almost 
theoretical  in  amount.    The  magnesia  content  after  calcination  is 
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«8  high  as  97  peat  oent  if  predpitatioii  is  carried  oat  with  veiy  puM: 
lime,  aach.  as  is  obtained  from  oaloined  oyster  sheUs,  or  somewhat 
lower  if  less  pure  lime  or  calcined  dolomite  is  used  for  the  purpose. 
The  chemical  analyds  given  in  Table  II  can  be  r^jarded  aa 
representative  of  all  seawater  undiluted  by  great  fresh  water 
additions — such  as  occur  in  the  neighbourhood  of  large  estuaries 

Tablb  II 

PanioiFAL  CaxanvrvwoTB  of  Sbawatbb 
Element  mglkg 

Chlorine 18,980 

'      Sodium  10,561 

Magnuium  1,272 

Sulphur    884 

:.     Calcium    400 

PotMaium    380 

Bromine   65 

Carbon .". 28 

Strontium    IS 

Boron   4^ 

or  coastal  glaciers.  From  this  table  it  can  be  calculated  that  per 
cubic  mile  of  ocean  water  having  a  density  of  64.11  Ib./ft.*,  the 
magnesium  content  is  approximately  5,400,000  long  tons,  an 
amount  greatly  in  excess  of  the  total  production  of  this  metal 
from  its  discovery  in  1608  until  the  present  time ;  consequently, 
all  countries  having  access  to  the  sea  have  available  to  them  a 
calculable  but  inconceivable  quantit}^  of  magnesium,  a  point  which 
may  not  be  without  significance  as  regards  future  developments 
in  lands  not  otherwise  blessed  with  metallic  resources. 

Making  Magnesium  Chloride 
There  are  considerable  numbers  of  methods  which  have  been 
successfully  used  for  the  making  of  magnesium  chloride  for  the 
electrolytic  process,  each  of  which  has  been  adopted  to  take  advan- 
tage of  some  local  condition.  AMien  the  anhydrous  magnesium  salt 
is  required  it  is  probable  that  the  employment  of  the  following 
reaction  is  as  effective  as  any.  Magnesia  (produced  by  a  relatively 
low-temperature  calcination  of  magnesite  or  of  magnesium  hydrate) 
and  peat  powdered  together  with  some  potassium  chloride  and  a 
little  aqueous  magnesium  chloride  to  produce  an  oxychloride 
binder,  are  mixed  together,  pelleted,  and  lightly  calcined  to  bum 
out  the  organic  matter,  thus  leaving  the  inorganic  constituents  in 
an  extremely  porous  condition.  The  material  is  then  fed  to  a 
coke-containing  electrically-heated  shaft  furnace,  up  which  gaseous 
chlorine  is  passed  over  the  descending  pellets,  when  the  following 

reaction  takes  place  : — 

MgO  +  C  +  Clj  =  MgCl,  +  CO. 
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The  ultimate  charge  temperatigre  being  in  excess  of  the  melting 
point  of  the  anhydrous  chloride  (712°C.),  this  can  be  readily 
removed  by  tapping.  Owing  to  an  admirable  and  most  surprisingly 
speedy  piece  of  wartime  research,  it  became  possible  to  give  up 
the  use  of  the  organic  spacer,  with  the  result  that,  apart  from  the 
direct  saving  due  to  peat  no  longer  being  required,  very  great 
economies  in  the  use  of  chlorine  were  also  achieved,  the  combined 
effect  of  which,  it  has  been  stated,  reduced  production  costs  by 
17  per  cent. 

An  alternative  method  of  producing  this  salt,  which  has  had 
large-scale  application,  is  to  carry  out  the  drying  of  hydrated 
magnesium  chloride  crystals  (MgCl2. 6  HjO),  made  from  magnesium 
hydrate  derived  from  sea  water  by  two  or  more  stage  drying  (or  by 
a  variety  of  methods  yet  to  be  described),  taking  the  dehydration 
by  simple  heating  to  that  point  at  which  the  hydrous  salt  breaks 
up  into  magnesia  and  hydrochloric  acid.  At  this  stage  further 
drying  is  carried  out  by  circulating  dry  hydrogen  chloride  over  the 
material.  This  method  was  effective  in  producing  the  end  product 
required,  but  corrosion  difficulties  both  in  the  dryer  and  circulators 
were  extensive.  However,  since  developments  in  the  electrolytic 
cell  have  now  permitted  the  use  of  a  magnesium  chloride  which 
can  be  expressed  as  MgCl2.  1*25  HjO,  the  last  mentioned  method 
of  making  the  anhydrous  chloride  is  no  longer  employed. 

Yet  another  process  consisted  of  treating  magnesium  hydrate, 
derived  from  natural  brines  or  sea  water,  with  a  solution  of  calcium 
chloride  and  carbon  dioxide,  when  a  reaction  of  the  following  type 
takes  place  : — 

Mg(0H)2  4-  CaCla  +  CO,  =^  MgCl,  -f  CaCOg  -f  HaO. 
After  separation  of  the  calcium  carbonate  from  the  magnesium 
chloride  by  filtration  the  last-named  was  concentrated  by  evapora- 
tion and  subsequently  dried  by  a  variety  of  methods — such  as 
submerged  combustion  evaporation,  spray  or  shelf  driers,  or  by 
a  remarkable  combination  of  the  last  two — in  which  concentrated 
liquor,  containing  about  50  per  cent  of  magnesium  chloride,  was 
sprayed^on  six  times  its  weight  of  previously-dried  chloride.  The 
resulting  mixture  (which  remained  solid),  was  further  reduced 
in  water  content  in  a  shelf  drier  to  the  MgClg.  1*25 — 1*5  H^O  stage, 
when  it  was  suitable  as  feed  for  the  type  of  cell  used  for  its 
electrolysis. 

A  variant  of  this  technique  which  has  been  successfully  employed 
is  to  treat  calcined  dolomite  with  an  aqueous  solution  of  calcium 
chloride  and  carbon  dioxide,  when  the  magnesia  goes  into  solution 
as  the  chloride  while  the  lime  is  converted  to  carbonate.  Sub^^o^'^sX* 
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to  filtration  and  concentration  the  hydrated  magnesium  chloride 
was  dried  as  has  been  previously  described. 

These  methods  of  obtaining  magnesium  chloride  by  means  of 
calcium  chloride,  of  course,  made  their  appeal  where  the  latter 
salt  was  being  obtained  as  a  by-product  from  some  other  industry — 
such  as  the  ammonia-soda  process. 

A  somewhat  analogous  method,  which  was  employed  with  good 
results,  was  to  treat  calcined  dolomite  with  by-product  hydrochloric 
acid,  to  neutralize  the  resulting  solution  with  magnesia,  then  to 
remove  the  hme  by  passing  carbon  dioxide  (originally'  liberated 
by  the  calcination)  through  the  hquor  and  finally  to  concentrate 
in  the  usual  way.  By-product  hydrochloric  acid  was  also  employed 
to  dissolve  magnesium  hydrate  obtained  by  lime  precipitation  from 
seawater,  while,  in  a  single  case,  magnesium  chloride  was  made 
direct  from  natural  brine  by  crystallization. 

Calcination  of  Dolomite 

For  the  process  in  which  metalUc  magnesium  was  made  directly 
from  dolomite  the  mineral  was  calcined  in  a  gas-,  oil-,  or  coal-fired 
cement  kiln,  the  choice  of  fuel  depending  on  the  locality  in  which 
the  plant  was  erected.  This  stage  of  the  process  really  calls  for 
no  comment,  but  there  is  one  point  which,  although  not  of  technical 
importance,  might  be  mentioned.  When  coal  firing  was  used,  this 
led  to  a  substantial  rise  in  the  R2O3  content  of  the  calcined  product, 
due,  no  doubt,  to  ash  contamination,  but  as  this  still  remained 
below  1  per  cent  the  matter  was  one  of  interest  rather  than  of 
conse(|uenco. 

Magnesium  Production 

Eledroh/sis. — The  principal  processes  used  during  the  war  period 
for  the  manufacture  of  the  raw  material  of  magnesium  production 
havinj^'  been  described,  it  remains  to  outline  the  methods  whereby 
it  was  converted  into  metal.  On  both  sides  of  the  Atlantic,  the 
major  contribution  towards  satisfying  the  x\llied  magnesium  needs 
has  been  made  b}'  the  electrolytic  process.  While  three  tecjiniques 
actually  reacht^d  the  producing  stage,  one  of  them,  by  the  time  the 
state  of  the  war  made  its  continued  operation  unnecessary,  had 
made  no  substantial  amount  of  metal  and  was  not  likel}'  to  do  so 
without  further  development  (which  has  not  ])een  put  in  hand) 
and  consequently  its  technique  is  not  described. 

While  anhydrous  magnesium  chloride  alone  can  be  decomposed 
electrolytically  there  are  practical  objections  to  attempting  this 
on  the  manufacturing  scale.    The  melting  point  of  the  salt  is  high — 
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namely,  712®C. — while  its  electrical  conductivity  is  low.  Both 
these  defects  can  be  reduced  by  the  addition  of  other  chlorides  whose 
decomposition  voltage  is  higher  than  that  of  magnesium  chloride. 
As  regards  what  chlorides  to  add,  however,  there  are  strongly 
divergent  views,  based  to  some  extent  on  technical  considerations 
and  in  part  on  such  practical  ones  as  the  local  availabiHty  of  possible 
materials. 

On  the  technical  side,  apart  from  the  decomposition  voltage 
and  influence  on  melting  point  which  the  addition  may  h^ve, 
there  is  a  further  important  point — namely,  its  effect  on  the 
specific  gravity  of  the  electrolyte — for,  certainly  with  cells  of  the 
present  design,  it  is  essential  that  the  latter  must  be  denser  than 
magnesium  itself  at  the  same  temperature,  because  were  the 
reduced  metal  to  sink  to  the  bottom  of  the  cell,  this  would  introduce 
at  least  two  further  difficulties  :  it  would  be  hard  to  remove 
the  metal  and,  further,  since  sludge  accumulates  at  the  base  of  the 
compartments,  the  magnesium  would  be  contaminated  with  it, 
thus  necessitating  an  additional  and  by  no  means  easy  purification 
process. 

It  is  probable  that  there  is  no  subject  connected  with  the 
technique  of  magnesium  production  by  electrolysis  on  which 
<?pinions  differ  more  widely  than  the  composition  of  the 
electrolyte.  Views  have  been  sincerely  and  vigorously  expressed 
which  are  entirely  contradictory,  although  they  may  nevertheless 
be  soundly  based,  for  the  chemistry  of  the  cell  is  greatly  influenced 
by  such  complex  matters  as  over-all  dimensions,  electrode  spacing, 
method  of  heating  the  electrolyte,  conditions  of  electrolysis,  etc. 
Undoubtedly  one  important  point  is  the  degree  of  turbulence  of 
the  electrolyte.  In  general  it  can  be  said  that,  under  otherwise 
equal  conditions,  with  a  quiescent  bath  there  is  greater  tendency 
for  sludge  fonnation  than  when  there  is  considerable  fluid  move- 
ment. It  was  due  to  cell  design  that  one  producer,  who  initially 
found  it  essential  to  use  a  cell  feed  composed  of  anhydrous  mag- 
nesium chloride,  subsequently  was  able  to  operate  using  the  MgCl2. 
1-25  HgO,  the  manner  of  preparation  of  which  has  already  been 
briefly  outlined. 

Probably  an  electrolyte  having  the  following  composition  has 
been  more  extensively  used  than  any  other :  Magnesium  chloride, 
25  per  cent ;  calcium  chloride,  15  per  cent,  and  sodium  chloride, 
60  per  cent.  This  material  has  been  decomposed  in  a  steel  cell 
6  ft.  deep,  5  ft.  wide,  and  11  ft.  long,  which,  in  addition  to  containing 
approximately  10  tons  of  fused  electrolyte,  formed  part  of  the 
internal  cathodes.     Current  through  such  a  cell  waa  ^,Q^  V<^ 
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70,000  amp£reB»  the  voltage  drop  being  aboat  6*8,  and  the  eleetrolyte 
temperature  about  700^0.  This  type  qi  cell,  was  and  remaina 
unique  in  that  it  stood  in  a  gas-fired  refractory-brick  fumaoa^ 
which  apart  from  improving  the  efiSciency  of  electrolysis,  allowed 
.  of  more  flexibility  in  operation  than  would  have  been  the  case  were 
beating  due  entirely  to  the  ohmic  resistance  of  the  electrolyte 
itself.  The  anodes  consisted  of  22  graphite  rods  8  in.  in  diameter 
and  about  9  ft.  in  length,  which,  .for  reasoivi  elaborated  later, 
were  consumed  .at  a  rate  of  about  one-tenth  of  a  pound  per  pound 
of  metal  produced.  The  collection  of  the  metal  in  the  cell  was 
accomplished .  by  inverted  troughs,  placed  under  the  bath  levels 
which  caught  it  as  it  rose  from  the  cathodes,  led  it  to  metal  welk 
situated  in  the  front  of  the  cells,  whence  it  was  dipped  two  oit 
three  times  daily  and  cast,  without  further  refinement,  into  ingot. 

Although  only  the  ma^esium  chloride  content  of  the  electrolyte 
is  decomposed,  the  question  of  the  chemical  composition  of  the 
cell  feed  is  one  of  the  utmost  importance,  for  the  behaviour  of 
material  other  than  the  magnesium  salt  requires  the  most  careful 
consideration.  Should  the  feed  contain  compounds  of  aluminium^ 
copper,  nickel,  zinc,  and  silicon,  these  are  reduced,  either  by  electro- 
lysis or  by  contact  with  the  metallic  magnesium,  and  alloy  with  it. 
Iron  and  boron,  although  reduced  to  the  elemental  state,  tend  to 
drop  through  the  electrolyte  into  the  sludge,  while  manganese  to 
some  extent  alloys  with  the  floating  magnesium,  but  also  in  part 
settles  out  at  the  bottom  of  the  cell.  Chlorides  in  the  feed,  whose 
decomposition  potentials  are  above  that  of  the  magnesium  salt, 
accumulate,  thus  leading  ultimately  to  the  necessity  of  removing 
electrolyte  by  dipping.  Water  introduced  into  the  cell  gives  rise 
to  magnesia  and  hydrochloric  acid,  some  of  the  first  named  going 
into  solution,  while  another  portion  is  converted  into  anhydrous 
chloride  by  chemical  inter-action  between  the  carbon  anodes  and 
the  nascent  chlorine  there  liberated.  About  half  of  that  which  was 
originally  formed  would  find  its  way  into  the  sludge,  a  typical 
composition  of  which  has  been  given  by  one  operator  as  being 
about  18  per  cent  magnesia,  several  per  cent  metalhc  magnesium, 
less  than  1  per  cent  heavy  metals,  and  the  remaiiider  entangled 
electrolyte. 

Thus,  owing  to  the  necessity  of  removing  sludge  and  of  dipping  out 
electrolyte  (which,  it  may  be  noted,  can  be  usefully  employed  as  the 
raw  material  of  foundry  flux  manufacture),  there  is  great  scope  for 
research,  with  the  two-fold  object  of  finding  a  mixture  of  low  sludge- 
making  propensities  and  of  producing  the  most  effective  cell  feed. 
Further,  there  can  be  no  doubt  that  when  circumstances  warrant 
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such  development,  existing  electrolytic  cells  can  be  improved  in 
design.  In  some  the  surf  ace- volume  ratio  leads,  in  spite  of  insula- 
tion, to  heat  losses  capable  of  reduction,  while  dimensional  modifica- 
tions and  changed  electrode  spacing  might  well  provide  a  degree 
of  turbulence  in  the  electrolyte,  decreasing  sludge  formation 
without  reduction  in  the  rate  of  metal  production. 

With  a  cell  of  the  type  referred  to,  the  following  would  be 
representative  of  the  magnesium  chloride  for  the  feed :  Magnesium 
chloride,  78-70  per  cent ;  magnesia,  2-30  per  cent ;  sodium  chloride, 
1  -50  per  cent ;  potassium  chloride,  0-25  per  cent ;  calcium,  0-22 
per  cent;  sulphur,  0-17  per  cent;  manganese,  0*02  per  cent; 
iron,  O'Ol  per  cent.  Owing  to  the  combined,  and  to  some  extent 
indeterminate,  influence  of  sludge  removal  and  electrolyte  dipping, 
other  salts  would  have  to  be  added  to  maintain  an  acceptable  bath 
composition. 

Operating  in  the  way  that  has  been  indicated,  the  metal  removed 
from  the  cell  would  have  the  approximate  composition  given  in 
Table  III.     Such  metal  would  be  produced  in  the  cell  described 

Table  III 

Per  cent 

Aluminium 0-003 

Manganese 0*04 

Calcium  Nil 

Zinc „ 

Iron 003 

Silicon 0005 

Copper    0003 

Load    Nil 

Nickel 

Cobalt 

Silver  

Sodium    

Boron less  than  00001 

Cadmium    0-00001  to  000004 

Magnesium Remainder 

at  a  rate  of  about  half  a  ton  per  diem  for  an  expenditure  of  electrical 
energy  of  18,000  to  19,000  kWh  per  long  ton,  which  compares 
very  favourably  with  the  contemporary  power  consumption 
required  for  the  manufacture  of  virgin  aluminium.  If  anhydrous 
magnesium  chloride  made  with  gaseous  chlorine  derived  by  electro- 
lysis were  used  as  the  cell  feed,  then  there  would  be  a  substantial 
addition  to  the  figure  given. 

Purification  of  Crude  Ingot, — While  metal  of  the  composition 
already  given  is  entirely  suitable  for  the  manufacture  of  casting 
alloys,  which  by  the  nature  of  their  manner  of  fabrication  ate  wa^^ 
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used  in  extremely  thin  sections,  there  is  a  feeling,  particularly  in 
the  United  States,  that  for  the  making  of  wrought  parts — such  as 
would  be  employed  for  the  manufacture  of  sheet — ^its  purity  is 
insufficiently  high  to  resist  corrosive  conditions  of  the  type  which 
would  be  experienced  in  carrier-borne  aircraft,  float-seaplanes, 
and  flying  boats. 

Metal  for  making  aluminium-containing  alloys  for  this  purpose 
can  be  purified  by  the  following  long  established  technique. 
.After  the  cell  metal  has  been  remelted  under  a  suitable  flux  it  is 
raised  t6  a  temperature  of  740°C.  and  manganese  equal  to  about 
^  to  1  per  cent  of  its  weight  added.  This  manganese  addition  can 
be  made  in  a  variety  of  ways,  the  most  usual  being  to  add  the 
metal  in  the  form  of  a  flux  containing  manganese  tetrachloride. 
As  a  result  of  the  exothermic  reaction  between  the  magnesium  and 
the  manganese  salt,  the  last-named  is  reduced  to  metal,  the  tem- 
perature of  the  melt  raised  about  10°C.,  and  the  manganese  taken 
into  solution.  The  other  common  method  of  carrying  out  this 
technique  is  to  add  the  manganese  in  the  form  of  an  appropriate 
aluminium-manganese  hardener.  In  this  case  there  is,  of  course, 
no  exothennic  reaction  and  therefore  the  melt  should  be  slightly 
hotter  than  when  the  addition  is  made  by  means  of  a  manganese  salt. 

Another  method  of  adding  the  metal  which  has  been  used  to 
some  extent  is  to  plunge  the  appropriate  quantity  of  finely-divided 
electrolytic  inanf^anese  into  the  melt.  Results  obtained  in  this  way 
have  not  always  been  satisfactory,  however,  success  seeming  to 
depend  un  using  finely-ground  metal. 

Finally,  yet  another  way  of  introducing]:  the  luansranese  has  been 
employed.  A  briquette  composed  of  finely-divided  electrolytic 
manganese,  manganese  dioxide,  and  magnesium  powder  is  plunged 
into  the  melt.  Owing  to  the  reaction  of  the  magnesium  with  the 
manganese  dioxide  being  exothermic  there  is  a  certain  degree  of 
turbulence,  which  appears  to  give  a  wide  and  effective  distribution 
of  the  addition. 

Be  the  manganese  introduced  as  it  may,  subsequent  to  its 
having  been  added  the  melt  is  allowed  to  stand  while  the  tem- 
perature falls  about  TO'^C.  During  this  period  (which,  when  two 
tons  of  metal  are  being  treated,  may  be  of  the  order  of  45  minutes 
to  1  hour)  an  iron -manganese  complex  foniis  in  the  melt  and 
settles  out.  Four-fifths  of  the  melt  can  then  be  pumped  off,  when 
it  will  have  a  composition  of  the  order  shown  in  Table  IV.  The 
*  heel  '  left  in  the  pot  can  be  added  to  similar  material  derived  from 
other  applications  of  the  purification  treatment  and  the  whole 
retreated  with  results  verv  similar  to  those  described. 
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Table  IV 

* 

Per  cent 

Aluminium 0*003 

Manganese 0-20 

Zinc Nil 

Iron 0002 

Silicon 0005 

Copper    0003 

Nickel Nil 

Cobalt „ 

Boron 000003 

Cadmium    less  than  00001 

Magnesium 99-787 

In  concluding  this  outline  of  the  manganese  puriiication  technique 
it  should  be  emphasized  that  while  this  was  initially  employed 
for  the  purpose  of  reducing  the  iron  content  of  electrolytic  mag- 
nesium, the  process  is  equally  applicable  to  the  treatment  of  metal 
derived  by  other  means. 

Thermal  Processes 
Calcium  Carbide  Reduction, — One  of  the  pioneer  thermal 
techniques  for  manufacturing  magnesium  i^ch  was  in  full-scale 
operation  before  the  war  is  that  which  is  generally  termed  the 
calcium  carbide  process,  for  it  was  by  this  substance  that  the 
reduction  of  the  magnesia  was  achieved.  The  salient  features  of 
the  method  consisted  of  mixing  together  in  powdered  form  (85  per 
<5ent  to  pass  200-mesh)  magnesia,  calcium  carbide,  and  fluorspar 
in  such  proportions  as  concerns  the  first  two  as  are  dictated  by  the 
equation  : — 

MgO  +  CaCj  =  Mg  +  CaO  +  2C. 
H(iwpver,  as  neither  the  magnesia  nor  the  calcium  carbide  available 
w^ere  without  impurities,  due  allowance  was  made  for  this  and  a 
mixture  of  the  following  composition  was  made  :  Magnesia  (con- 
taining 85  per  cent  MgO),  34-5  per  cent  ;  calcium  carbide  (containing 
75  per  cent  CaCj),  62*2  per  cent,  and  fluorspar,  3*3  per  cent. 
Such  a  mixture  contained  17-5  per  cent  of  potential  metallic 
magnesium,  of  which  about  65  per  cent  would  be  ultimately 
recovered  as  ingot  metal ;  thus,  to  make  1  ton  of  magnesium 
the  following  quantities  were  required  : — Magnesia,  3-0  tons ; 
calcium  carbide,  5*4  tons,  and  fluorspar,  0-8  ton.  This  dry  and 
wpJl-mixed  powder  was  pressed  into  small  circular  briquettes 
2  in.  in  diameter  and  ^  in.  in  thickness,  having  an  approximate 
weight  of  2i  oz.  These  were  placed  in  a  mild-steel  retort  about 
14  ft.  long  by  14  in.  internal  diameter  and  IJ  in.  wall  thickness, 
which  was  protected  on  its  exterior  surface  by  a  welded  akeaXJci  ^1 
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heat-resuting  steel  (22  pcor  cent  nickel^  25  per  cent  ohromiam). 
The  retort,  having  been  filled  with  briquettes  to  a  certain  height, 
was  closed  by  a  cap  about  8  ft.  long,  which  contained  two  semi- 
circular mild-steel  plates  about  84  in.  long,  which  rested  on  a 
ledge  in  the  top  of  the  retort  and  acted  as  a  condenser  for  the 
magnesium  vapour  which  was  subsequently  produced.  This 
retort  with  its  cap,  condenser,  and  charge  of  briquettes  weighed 
about  1  ton  12  cwt.,  of  which  the  latter,  approximately  8,200  in 
number,  weighed  about  4*5  cwt.  or  14  per  cent  of  the  totaL 

Twelve  briquette-filled  retorts  of  the  type  described  were  placed 
vertically  in  a  producer-gas-fired  furnace  so  that  the  cap  portion 
containing  the  condenser  plates  protruded  above  the  top  of  the 
furnace  and  was  subjected  to  a  fan-induced  draught.  On  the 
retorts  being  put  into  the  furnace,  they  were  connected  to  a  vacuum 
pump  which  gradually  reduced  the  internal  pressure  to  about  Imm. 
of  mercuiy.  Wh^  after  about  8  to  9  hours  the  temperature  of 
the  charge  had  risen  to  approximately  900^0.  the  reaction  already 
indicated  began  to  take  place,  but  owing  to  the  low  pressure,  the 
resulting  magnesium  at  once  vaporized  and  subsequently  condensed 
on  the  plates  in  the  fan-cooled  portion  protruding  from  the  furnace. 
The  decreasing  mechanical  strength  of  the  steel  of  the  retorts  with 
rise  in  temperature  fixed  1,120^G.  as  a  practical  operational  limit. 

In  the  war  period  the  time  they  were  maintained  at  this 
temperature  depended  more  on  the  urgency  with  which  magnesium 
was  required  than  on  what  it  cost.  In  Table  V  one  aspect  of  this 
problem  is  disclosed,  but  the  relationship  of  the  economics  of  the 
process  to  the  furnace  cycle  is  too  complicated  to  be  explained  in 


Tablb  V 

Influencr  of  Fubnace  Timb  Cyclb  on  the  Extraction 

OF  Maonssixtv 

F%xmace 
Cycle, 
Hours 

Possible 
Number 

of 
Cycles 

per  Week 

Lb.  of 

Magnesium 

per  batch 

of 
li  retorts 

PossibU  Output 

of  one 

\2'retort 

Furnace 

{Tonsjannum) 

Percent 

Extraction 

of  Magnesium 

from 

Magnesia 

36 

4-67 

950 

102-5 

1000 

32 

5-25 

925 

112-5 

97-5 

28 

600 

900 

125-2 

946 

24 

700 

800 

1300 

84-2 

22 

7-64 

750 

132-6 

78-9 

20 

8-40 

700 

136-2 

73-7 

18 

9-34 

600 

130-0 

63-2 

16 

10-50 

500 

121-6 

52-6 
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this  concise  manner.  At  the  completion  of  the  selected  cycle,  the 
retorts  were  removed  from  the  furnace  (their  places  being  taken 
by  freshly-charged  units),  and  allowed  to  cool  for  six  hours,  after 
which  the  caps  could  be  taken  off,  the  condensed  magnesium 
removed,  melted  under  flux,  and  cast  into  ingots. 

A  point  of  interest  is  the  trouble  introduced  by  the  presence  of 
the  alkahne  metals  in  the  briquettes.  These  were  reduced  and 
condensed  in  the  coolest  portion  of  the  cap  ;  consequently,  if 
substantial  quantities  of  the  former  were  present,  since  their  ignition 
temperature  is  much  lower  than  that  of  magnesium,  the  cooling  of 
the  retort  had  to  be  prolonged  for  fear  that  when  letting  back 
the  air  prior  to  the  removal  of  the  cap  the  magnesium  itself  might 
be  set  on  fire  from  the  burning  alkaline  metals.  This  trouble  in 
the  plant  under  consideration  could  be  got  over  only  by  having 
virtually  sodium-  and  potassium-free  raw  materials  or  by  prolonging 
the  cooling  period.  In  describing  a  later  thermal  process,  this 
matter  is  dealt  with  again. 

Under  the  influence  of  the  atmospheric  pressure  acting  on  the 
hot  retorts,  these  tended  to  decrease  in  length  and  also  to  cave 
inwards,  thus  greatly  reducing  their  volume.  On  this  happening 
to  a  serious  extent  the  retort  would  be  removed  from  the  furnace 
and  after  emptying  and  reheating  would  be  restored  approximately 
to  its  original  shape  by  inserting  a  mandrel  under  hydrauHc  pressure 
and  subsequently  drawing  the  retort  through  a  die.  This  method 
of  dealing  with  collapsed  retorts  was  effective,  but  involved  costly 
operations  with  expensive  plant.  (In  referring  to  a  later  retort 
process,  a  singularly  neat  and  cheap  way  of  restoring  collapsed 
retorts  is  described). 

The  calcium  carbide  process,  like  all  pioneer  processes,  can  be 
criticised  on  many  grounds.  The  reducing  agent  was  such  that 
its  employment  prevented  the  making  of  a  briquette  of  high 
potential  magnesium  content.  The  need  for  charging  and  dis- 
charging the  retorts  outside  the  furnace  necessitated  having  an 
embarrassing  number  of  overhead  cranes,  while  the  fact  that  the 
retorts  could  not  be  discharged  until  they  were  almost  cold,  led 
to  the  heat  input  of  every  cycle  being  virtually  lost,  and  the  main- 
tenance of  the  retorts  was  a  matter  of  great  difficulty.  Grave  aa 
these  defects  were  from  the  economic  point  of  view,  when  mag- 
nesium was  in  short  supply,  one  of  the  plants  operating  on  this 
process  regularly  delivered  more  than  its  designed  output,  an 
achievement  deserving  both  praise  and  gratitude. 

Aluminium  Reduction, — In  at  least  three  different  types  of  full- 
scale  plant  magnesia  has  been  reduced  to  the  metallic  state  by  it^ 
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reaction    with    aluminium,    in    accordance    with    the    following 
equation  : — 

3MgO  -f  2A1  =  3Mg  +  AljO,. 
The  magnesia,  ground  to  pass  50-mesh,  was  mixed  with  rather 
finer- blown  aluminium  powder,  made  from  low-grade  scrap.  Prom 
what  w^as  virtually  a  stoichiometric  mixture,  to  which  a  small 
quantity  of  calcium  fluoride  was  sometimes  added,  hriquettes 
were  made.  However,  this  turned  out  to  be  a  matter  of  very 
considerable  difficulty,  involving,  prior  to  success  being  attained, 
the  necessity  for  greatly  modifying  the  standard  types  of  machine. 
The  briquettes  were  put  into  either  very  ingenious  continuously- 
operating  furnaces  (an  intermittent  type),  or  into  fixed  retorts, 
all  of  which  were  under  vacuum  while  the  briquettes  themselves 
were  heated  to  about  1,250°C.  The  furnaces  and  the  retorts  (as 
already  described  in  conjunction  with  the  calcium-carbide  process) 
communicated  with  a  cold  vacuous  space  in  which  the  magnesium 
vapour  condensed  and,  after  removal  therefrom,  was  remelted 
under  flux  and  cast  into  ingots. 

The  process  had  the  advantage  of  using  a  briquette  of  high 
potential  magnesium  content,  but  (and  for  many  purposes  this 
was  not  a  matter  of  consequence)  the  condensed  metal  contained 
all  the  zinc  and  about  half  the  lead  which  was  present  in  the 
aluminium  powder.  Where  electric  heating  of  the  briquettes  was 
carried  out.  the  consumption  of  power  was  about  13,000  k\Mi 
per  long  ton. 

An  alternative  demand  for  aluminium  powder  led  to  these 
niapiesium  plants  being  curtailed  in  their  activities,  and,  as  a 
consequence,  they  scarcely  reached  the  degree  of  development 
which  was  originally  anticipated  ;  nevertheless,  they  did  demon- 
strate the  complete  practicability  of  the  conceptions  on  which 
they  were  based. 

Ferro-Silicon  Eedvcfion. — Of  the  thermal  reduction  processes,  that 
involving  the  use  of  ferro-silicon  as  the  reducing  agent  was  the  last 
in  the  Allied  World  to  get  into  production,  but  it  has  probably 
b(vn  responsible  for  a  yield  of  higher  purity  metal  than  any 
other. 

Two  features  are  outstanding — its  use  of  calcined  dolomite  as 
its  source  of  magnesium  and  of  ferro-silicon  as  its  reducing  agent. 
The  reaction  can  be  expressed  : 

2MgO.CaO  +  Si  =  2Mg  +  (CaO)2  SiOj. 
This  has  been  known  for  a  number  of  years,  indeed  as  early  as 
11U5.  and  it  is  probable  that,  in  the  legal  sense,  it  was  then  no  longer 
novel.     Plant  for  carrying  it  out  on  a  manufacturing  scale  was 
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developed  from  1934  onwards  by  the  I.G.  Farben- Industrie  A-G 
and  by  at  least  one  of  its  associated  concerns,  whilst  in  the  Allied 
World  the  reaction  had  received  laboratory  investigation  by  a 
number  of  firms.  Since,  however,  under  the  conditions  under 
which  it  was  studied,  it  was  found  that  a  temperature  of  about 
1,400°C.  was  necessary  to  obtain  satisfactory  yields,  the  practical 
difficulties  which  this  involved  initially  led  to  alternative  processes, 
being  employed.  That, the  method  became  a  large-scale  producer 
of  magnesium  of  high  purity  was  due  to  the  appreciation  of  the 
fact  that  if  the  reaction  were  carried  out  in  a  really  high  vacuum^ 
temperatures  lower  than  those  which  had  hitherto  been  regarded 
as  essential  could  be  used  satisfactorilv.  With  a  vacuum  of  about 
0-05  mm.  of  mercury,  it  was  clearlv  demonstrated  that,  at  a 
temperature  of  1,160°C.,  the  reaction  proceeded  at  such  a  speed 
as  to  justify  the  design  and  construction  of  several  large-scale 
plants  based  on  this  operational  conception. 

The  following  can  bo  regarded  as  a  representative  analysis  of  the 
calcined  dolomite  employed :  Magnesia,  40-5  per  cent ;  lime, 
58-1  per  cent ;   E^Os,  0-8  per  cent,  and  insoluble  0'6  per  cent. 

The  ferro-silicon  used  was,  from  the  chemical  point  of  view, 
specified  as  containing  not  less  than  75  per  cent  Si,  and  in 
practice  it  was  generally  about  2  per  cent  above  this  figure.  As 
in  other  thermal  reduction  methods,  a  small  quantity  of  high- 
grade  fluorspar  was  added  to  the  mixture.  The  manner  in  which 
this  salt  functions  is  obscure,  but  users  of  this  and  similar  processes 
are,  in  the  main,  satisfied  that  its  introduction  is  beneficial. 

The  dolomijbe,  after  calcination,  was  ground  so  that  60  per  cent 
would  pass  a  200-mesh  screen,  the  ferro-silicon  being  ball-mill 
reduced  wholly  to  pass  a  55-mesh  screen  ;  the  fluorspar,  in  general, 
was  slightly  finer  than  the  calcined  dolomite.  This  is  a  point 
without  technical  significance,  but  it  so  happened  that  in  this 
degree  of  subdivision  it  was  readily  procurable.  The  materials 
were  dry  mixed  in  the  following  proportions  :  Calcined  dolomite,. 
80-0  per  cent  ;  ferro-silicon,  17-2  per  cent,  and  fluorspar,  2-8  per 
cent.  On  the  basis  of  the  analysis  already  given  the  silicon  is 
about  18  per  cent  in  excess  of  stoichiometric  requirements,  but 
practical  trials  were  deemed  to  justify  this  apparent  extravagance. 

Subsequent  to  mixing  in  several  plants  the  powder  was  fed  to 
*  Belgian  '  rolls  and  converted  into  strong  hard  briquettes,  which 
had  the  following  characteristics :  Apparent  density  (air/oil), 
2-08;  bulk  density,  62-7  Ib./ft.*  ;  magnesium  content,  19-4  per 
cent. 

In  the  majority  of  the  plants  using  this  process  thes^  briquettes^ 
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freed  from  dust  bj  sereening,  were  eharged  into  paper  bsgs  and 
loaded  into  a  hopper,  from  which  thej  were  thrust  into  an  extern- 
ally-heated, fixed,  horizontally-inclined,  and  heat-resisting  sted 
retort  of  about  the  following  characteristics :  Oyerall  length, 
9  ft.  8  in. ;  length  within  furnace,  7  ft.  8  in. ;  lengtKoutside  furnace, 
2  ft.  0  in. ;  internal  diameter  of  portion  within  furnace,  10  in. ; 
internal  diameter  of  portion  outside  furnace,  11  in. ;  wall  thickness, 
1^  in. ;  weight  of  retort,  1,200  lb.,  and  weight  of  charge,  ^00  lb. 
As  abready  described  in  reference  to  the  calcium-carbide  reduction 
retorts,  the  portion  protruding  from  the  furnace  acted  as  the 
condenser  both  of  the  magnesium  and  of  the  alkali  metal  vapour, 
but  in  the  case  of  the  ferro-silicon  process,  the  cooling  was  done  by 
water  jacketing. 

After  the  retort  had  been  charged  it  was  closed  and  connected 
to  a  vacuum  service,  sometimes  purely  mechanical,  but  tending, 
in  the  light  of  experience,  to  be  composed  of  mechanical  pumps  for 
pulling  down  and  of  mercury  or  oil-dififusion  pumps  for  holding. 
Within  20  minutes  of  closing  the  retort  a  vacuum  of  the  order  of 
0*5  mm.  of  mercury  would  be  obtained,  while  before  the  end  of 
the  cycle,  which  was  of  nine  hours  duration,  the  pressure  would 
be  reduced  to  as  low  as  0*05  mm. 

At  the  completion  of  the  cycle,  the  duration  of  which  was  fixed 
by  practical  considerations,  approximately  84  per  cent  of  the 
magnesium  in  the  charge  would  be  attached  to  a  mild-steel  tube 
fitting  into  the  condenser,  while  practically  all  the  sodium  and 
potassium  would  be  located  on  a  plate  nearer  to  the  closing  cap 
of  the  retort  (and  therefore  in  a  cooler  position).  On  letting  air 
back  into  the  retort  the  cap,  together  with  the  plate  on  which  the 
alkaline  metals  were  condensed,  was  speedily  taken  off ;  then,  risk 
of  setting  fire  to  the  magnesium  having  been  eliminated,  this  could 
be  removed  without  undue  haste,  the  spent  briquettes  withdrawn, 
either  by  hand  or  mechanically,  and  the  retort  recharged  as 
before. 

The  condensed  magnesium,  generally  known  as  a  *  crown  *,  was 
of  a  higher  purity  than  that  made  by  any  other  full-scale  plant 
and  would  in  general  have  an  analysis  of  the  type  indicated  in 
Table  VI.  The  renielting  of  *  crowns  *  for  making  ingots  was  done 
by  employing  a  standard  flux  containing  anhydrous  magnesium 
chloride  (with  sodium,  potassium,  and,  perhaps,  other  chlorides), 
when  there  would  be  reaction  between  the  calcium  in  the  magnesium 
and  the  magnesium  chloride  in  the  flux  with  the  result  that  Table 
VII  would  be  a  representative  analysis  of  the  resulting  ingot« 
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Table  VI 

Per  cent 

Aluminium  0*005 

Manganese   0*002 

Calcitun    001— 0-1 

Zinc Absent 

Iron  0002 

Silicon  0*004 

Copper 0001 

Lead 0*004 

Nickel   ....  1 

g^j^^j,    ;■  Not  detectable  by  spectroscope 

Sodium less  than  0*0005 

Magyiesium  Remainder 

Table  VII 

Per  cent 

Aluminium 0*005 

Manganese 0*002 

Calcium  0*004 

Iron 0*002 

Silicon 0*004 

Copper    0-001 

Lead    0*004 

Nickel     ^ 

Silver VNot  detectable 

Sodium   J 

Magnesium 99*982 

In  the  large-scale  operation  of  this  process,  employing  electric 

heating  for  the  retorts,  the  consumption  of  materials  and  power 

per  long  ton  \)i  crystal  metal  were  of  the  following  order : 
Materials : 

Raw  Dolomite  9*3  tons 

Ferro-Silicon 1*1     „ 

Coal  for  Calcining  Dolomite    1*7     „ 

Power  : 

For  Heating  Retort 11,000  kWh 

For  Manufacture  of  Ferro-Silicon  1 1,000 


»» 


22,000 

Thus  the  power  consumption  exceeds  that  of  the  electrolytic 
process,  except  where  anhydrous  magnesium  chloride  is  used 
(necessitating  the  employment  of  elemental  chlorine  derived  from 
the  electrolysis  of  hrine  for  its  manufacture).  From  the  com- 
mercial  point  of  view  the  ferro-silicon  process  is  also  a  larger 
power  consumer  than  when  magnesia  is  reduced  by  means  of 
aluminium  powder  made  from  low-grade  scrap.  If,  however,  the 
electrical  energy  employed  to  produce  the  aluminium  were  included 
in  the  balanci-  sheet  it  would  compare  extremely  favourably.  Apart 
from  the  question  of  power  and  materials,  the  cost  of  both  of  which 


20  p.   L.   TEED  : 

is  so  greatly  influenced  by  local  conditions,  the  notable  fact  remains 
that  as  far  as  large-scale  magnesium  production  is  concerned,  the 
ferro-silicon  process  gives  a  product  which  is  normally  purer  than 
that  made  by  any  other  process  so  far  described. 

In  concluding  this  description  of  one  application  of  this  process, 
mention  should  be  made  of  the  ingenious  method  which  waa 
evolved  for  deahng  with  collapsed  retorts.  This  problem  has 
already  been  referred  to  in  relation  to  the  calcium  carbide  process,, 
where  the  effects  of  atmospheric  pressure  on  the  hot  plastic  retorts 
was  dealt  with  by  removal  from  the  furnace,  re-heating,  and 
mechanical  processing  with  expensive^  tools.  In  one  of  the  ferro- 
silicon  plants  the  simple  but  effective  idea  was  conceived  (and 
subsequently  universally  adopted)  of  blowing  out  the  distorted 
retort  in  situ  in  the  furnace.  When  this  treatment  was  required, 
a  cap  was  secured  to  the  retort  which  was  connected  to  a  pneumatic 
supply  at  100  lb. /in.*.  With  skilful  appHcation  of  the  air  pressure 
the  retort  was  surprisinj^ly  rapidly  blown  out  to  approximately 
its  original  dimensions.  This  extremely  simple  plan  led  to  an 
enormous  saving  of  man-hours  and  made  the  installation  of  costly 
hydraulic  presses  entirely  unnecessary. 

Carbon  Rediiction, — For  more  than  half  a  century  it  has  been 
appreciated  that  magnesia  could  be  reduced  to  metal  by  means  of 
carbon  at  temperatures  in  excess  of  1,800°C.,  in  accordance  with 
the  following  equation  : 

MgO  -h  C  =  Mg  -f  CO. 
It  was  also  realized,  however,  that  below  that  toiuperature  the 
reaction  was  reversed  and  that  metallic  magnesium  was  oxidized 
by  carbon  monoxide.  Consequently  it  was  initially  felt  that  it 
was  impossible  to  base  a  process  for  the  production  of  the  metal 
on  the  above  simple  but  reversible  reaction.  Owinp;.  however,  to 
the  exercise  of  nmch  scientific  and  engineering:?  ingenuity,  at  least 
three  techniques  have  been  evolved,  which,  in  a  hirge  measure, 
suppress  the  reversibility  of  the  reaction. 

In  each  of  these  variants  the  tirst  stag(^  was  the  same,  or  very 
nearly  so.  Magnesia,  ground  so  that  85  per  cent  would  pass 
200-mesh,  was  mixed  in  approximately  stoichiomtjtric  proportions 
with  some  carbonaceous  material — such  as  anthracite,  petroleum 
coke,  and /or  steam  coal — and  briquet  ted  or  merely  worked  into  a 
stiff  paste  with  a  tar  or  oil  binder  and  fed  into  carbon  arc  furnaces, 
varying  in  size  from  1,000  to  8,000  k\V,  some  operating  with 
single-  and  others  with  three-phast*  current.  As  a  result  of  the 
temperature  of  the  arc  the  bulk  of  the  feed  would  be  converted 
into  vapour  in  accordance  with  the  equation  and^  together  with 
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gas  brought  into  the  furnace  via  the  electrode  holders  (mtrodui^ed 
solely  for  cooling),  would  sweep  out  the  furnace,  carrying  a  fair 
proportion  of  the  original  charge  in  suspension. 

At  this  stage,  the  techniques,  hitherto  very  similar,  differ 
decisively.  In  one  variant  the  gases  leaving  the  furnace  were 
*  shook  cooled  '  by  large  turbulent  additions  of  hydrogen  at 
atmospheric  temperature,  thus  not  only  rapidly  lowering  the 
temperature  below  that  at  which  '  back  reaction  '  was  of  significant 
proportions,  but  also  mechanically  separating  possible  reacting 
molecules.  This  hydrogen,  when  subsequently  freed  of  matter  in 
suspension,  would  of  course  be  contaminated  with  carbon  monoxide, 
which  would  be  largely  removed  by  cooling  the  gas  and  passing  it 
over  activated  carbon,  after  which  the  purified  gas  would  be 
re-circulated  for  shock  chilling  purposes. 

In  a  locality  where  natural  gas  was  available,  this  was  used 
for  shock-cooling  instead  of  hydrogen ;  it  was  freed  from  about 
0*7  per  cent  carbon  dioxide  by  mono-ethanol-amine,  and  of 
water  vapour  by  activated  alumina,  when  it  had  the  following 
composition  :  Methane,  92*0  per  cent  by  volume ;  ethane,  4*3 
per  cent ;  propane,  1*4  per  cent,  and  nitrogen,  remainder.  Owing 
not  only  to  contamination  with  the  carbon  monoxide  of  the  furnace 
gases,  but  also  to  the  hydrogen  brought  into  the  furnace  via  the 
electrode  holders,  the  composition  of  the  outgoing  gas  would  be 
approximately :  Hydrogen,  10-0  per  cent  by  volume ;  carbon 
monoxide,  10*0  per  cent ;  methane,  76*0  per  cent ;  ethane,  8*0  per 
cent,  and  nitrogen,  remainder.  Some  of  this  would  be  added  to 
purified  incoming  gas  and  would  be  recirculated,  while  the  other 
portion  would  be  sold  for  kiln  firing  to  a  neighbouring  cement 
company. 

In  the  third  method  of  stopping  back  reaction  a  standard  mineral 
oil  was  sprayed  into  the  gases  as  they  issued  from  the  furnace. 
Some  of  this  oil  would  be  merely  volatilized  and,  owing  to  its  latent 
hi*at,  would  give  rise  to  an  increase  in  the  cooling  effect,  but  some 
would  bo  cracked  to  such  a  degree  as  to  constitute  about  60,000 
cu.  ft.  of  permanent  gas  per  ton  of  metal  produced,  and  this  would* 
ultimately  become  available  for  heating  or  other  purposes  in  other 
portions  of  the  plant. 

Subsequent  to  whichever  of  these  techniques  was  employed  for 
stopping  back  reaction,  the  cooled  gases  would  pass  on  to  a  settling 
chamber  and  would  ultimately  be  passed  through  a  bag  filter. 
The  following  are  representative  analyses  of  the  product  derived 
by  gaseous  shock  cooling  :  Metallic  magnesium,  47  to  50  per  cent ; 
magnesia,  88  to  25  per  cent ;  carbon,  10  to  20  per  cent,  aud  u&\i^ 
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10  to  5  per  cent.  When  oil  was  employed  as  the  ooolant  the  first 
product  would  have  about  the  following  composition :  Oil,  65*0 
per  cent ;  metallic  magnesium,  14*0  per  cent ;  magnesia,  50  per 
cent ;  carbon,  15*0  per  cent ;  insoluble,  0*4  per  cent,  and  B^O^ 
trace. 

After  freeing  this  sludge  from  oil  by  distillation,  the  folbwing 
analysis  is  typical  of  the  residue :  Metallic  magnesium,  40*0  per 
cent ;  magnesia,  14*8  per  cent ;  carbon,  42*9  per  cent ;  insoluble, 
1*1  per  cent,  and  BgOsy  remainder. 

Somewhat  surprisingly,  for  each  of  the  techniques,  the  oonsump* 
tion  of  electric  power  in  terms  of  the  nietaUic  magnesium  content 
of  the  product  was  approximately  the  same — ^namely,  5-0  to  6*5 
kWh  per  lb.  of  metallic  magnesium. 

The  product  derived  by  gaseous  shock  cooling  was  pyrophoric, 
while  that  obtained  from  the  oily  sludge  became  so  on  the  distillation 
of  the  liquid ;  consequently,  the  material,  however  it.  arose, 
was  extremely  difficult  to  deal  with,  requiring  both  ingenious 
mechanisms  and  exemplary  care  in  operation.  While  identical 
techniques  were  not  adopted,  the  product  in  each  case  was 
briquetted.  In  the  oases  in  which  gaseous  shock  cooling  was 
employed  about  two  tons  of  briquettes  were  loaded  into  an  elec- 
trically-heated retort,  weighing  with  its  charge  about  11  long  tons, 
and  the  magnesium  content  distilled  out  under  reduced  pressure. 
This  operation,  which  required  about  2*1  kWh  per  lb.  of 
magnesium  produced,  gave  a  condensate  which,  on  remeltiug  under 
standard  flux,  would,  under  favourable  circumstances,  produce  an 
ingot  of  about  the  composition  shown  in  Table  YIII. 

Table  VIII 

Per  cent 

Alominiiim 0*003 

ManganeBo 0*005 

Calcium  0005 

Zinc 0001 

Iron 0001 

SiUcon 0001 

Copper    00005 

Lead    0005 

Nickel NU 

Cobalt „ 

Silver  „ 

Sodium   „ 

Magnesium 99-9785 

Where  oil  shock  coohng  was  used  a  different  method  of  treating 
briquettes  was  employed.  Instead  of  being  distilled  in  vacuo  at  a 
relatively   low   temperature,   they   were   heated   at   atmospheric 
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pressure  to  1,100^C.  in  a  shaft  tumaoe  through  which  hydrogen  was 
circulating.  The  gas  swept  the  vapours  into  a  condenser  where 
liquid  metal  condensed  and  was  subsequently  tapped  off  for 
ingoting. 

Summarising  this  carbo-thermic  process  (which  has  been  devel- 
oped almost  entirely  by  private  enterprise  at  an  expense  in  Allied 
countries  of  somewhat  over  £5,000,000),  it  has,  at  least  in  one  of 
the  gaseous  shock  chilling  units,  attained  technical  success.  Metal 
of  higher  purity  than  is  given  by  the  electrolytic  process  has  been 
produced  in  substantial  quantities  over  long  periods  at  a  power 
consumption  of  approximately  18,000  kWh  per  long  ton.  How- 
ever, at  the  present  stage  of  its  development,  from  the  briquetting 
of  the  arc  furnace  condensate  to  the  casting  of  the  ingot,  it  can  be 
doubted  whether  it  is  as  yet  on  an  economic  basis.  The  retorting 
procedure  was  extremely  consumptive  of  manpower,  and,  since 
most  of  the  sensible  heat  of  the  retort  and  charge  was  lost  with  the 
treatment  of  each  batch  of  briquettes,  there  is  considerable  scope 
for  achieving  economies,  such  as  are  believed  to  be  essential  if  the 
process  is  to  operate  on  a  competitive  basis  in  time  of  peace. 

Conclusion 
In  attempting  to  review  within  the  compass  of  a  single  paper  the 
groat  achievements  of  a  number  of  teams  of  technical  men  inspired 
with  the  necessity  of  producing  magnesium  with  the  very  minimum 
of  delay  and  without  undue  regard  to  cost,  the  author  has  probably 
undertaken  too  ambitious  a  task  ;  yet  since  within  the  space  of 
four  years  the  combined  Anglo-American  productive  capacity  was 
increased  from  6,000  to  nearly  800,000  long  tons  per  annum,  this 
fact  deserves  to  bo  put  on  record,  and  the  technical  achievement 
of  men  often  subjected  to  unfair  criticism  described,  even  if  only 
in  the  inadequatt*  terms  at  his  command.  The  overall  picture  of 
magnesium  production  during  the  war  is  one  of  a  groat  task  well 
done. 


*^*  Extra  copies  of  this  paj>er  may  he  obtained  at  a  cost  of 
Is,  9d.  each,  at  the  office  of  the  InstittUion,  Salisbury  House, 
Finsbury  Circus,  London,  E.C,  2. 


GBOWTHIR  A  Goodman  iBnmch  of  Tht  Arfut  Prus  Ltd.),  2,  OumeUie  Stnet  K.G.4. 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY 
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or  oplBioai  oxprooood  la  any  of  its  pnbliooHoaOi 


SEVENTH  ORDINARY  GENERAL  MEETING 

OP   THE 

FIFTY-FIFTH    SESSION 

Held  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

Piccadilly,  W.l, 

ON 

Thursday,  April  11th,  1946. 

Mr.  G.  F.  Laycock,  President,  in  the  Chair. 


DISCUSSION 

ON 

A  Survey  of  the  Deeper  Tin  Zones  in  a  Pcirt  of  the 

0am  Brea  Area,  Oomwall. 

By  Brian  Llewellyn,  Member, 

The  President  said  that  the  paper  to  be  submitted  for  dis- 
cussion was  *  A  Survey  of  the  Deeper  Tin  Zones  in  a  Part  of  the 
Carn  Brea  Area,  Cornwall  *.  He  hardly  needed  to  say  how  much  the 
paper  would  appeal  to  all  Cornishmen  and  all  those  who,  like 
himself,  had  learned  their  mining  there  and  had  spent  some  most 
interesting  years  in  that  delightful  county.  The  paper  raised 
many  matters  of  primary  importance  to  the  Cornish  mining 
industry  and,  he  felt  sure,  would  lead  to  a  most  interesting  dis- 
cussion. He  added  that  they  were  very  pleased  to  see  many  friends 
from  Cornwall  among  their  guests. 

Mr.  Brian  LleweUjm,  in  presenting  the  paper,  exhibited  a 
blackboard  sketch  (Fig.  4)  to  illustrate  the  statements  made  in 
the  paper  concerning  the  productiveness  of  lodes,  extension  in 
depth,  and  history  of  the  mines.  He  went  on  to  say  that  when  it 
was  first  suggested  by  a  former  colleague  that  he  should  present 
this  paper  he  was  somewhat  reluctant.  He  felt  that  not  only  did 
the  plan  suffer  from  many  imperfections  due  to  war-time  conditions, 
but  that  the  substance  of  the  paper  was  in  the  concise  tenninolo^Vj- 
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of  a  report  which  it  would  be  difficult  to  put  into  the  more  narrative 
form  usual  in  papers  published  by  the  Listitution.  He  also  felt 
that  he  might  be  laying  himself  open  to  a  charge  of  lack  of  cautiua, 
for  Cornish  mininf?  was  a  controyenrial  subject  whieh  had  not 
hitherto  been  more  than  briefly  touched  upon  in  any  previous 
paper  read  before  the  Institution. 

The  time  seemed  opportune,  however,  to  have  this  theme  brought 
up  for  discussion.  It  was  of  far-reaching  importance  to  all  mming 
engineers  fend  to  many  others.  During  the  war  just  ended  tin 
production  was  in  a  far  weaker  position  to  meet  an  emergency  call 
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Fio.  4. — Diagrammatic  cross  section.     (The  contour  lines  are  thoBC  shovTi 
on  tho  plan.) 

Triangk  X  :  Section  through  triangular  prii^m  referred  to  on  page  12  of 
paper. 

Rectangle  a :   Area  in  which  all  fully  blocke<l  out  development  between 
1,000  and  2,400-ft.  levels  will  lie  within  the  favourable  depth  zone. 

Rectangle  b:    Corresponding  area  for  development   between   1,200  and 
1,900  ft. 

Rectangle   c :    Corresponding   area   for   development   l)etween    700   and 
1,200  ft. 

than  in  the  earlier  war.    Now  tin  was  in  short  supply  and  so  were 

good  tin  miners,  while,  at  the  ?anie  time,  it  was  extn^nely  difficult 

to  forecast  the  future  production  of  tin  or  future  prices. 

Use  had  been  made  of  all  sources  of  information  which  were 
available  to  him  during  the  time  lie  was  enjijaged  upon  the  work, 
extending  over  several  months.  It  was  his  earnest  desire  that 
members  who  had  information  on  tin  mining  in  tlie  Cam  Brea  area 
should  take  part  in  tlu'  discussion. 

From  earliest  recorded  times  mining  had  been  the  great  industr}' 
of  Cornwall.  Was  Cornish  mining  dtMniied  to  extinction?  Ho 
himself  believed  tliat  Cornish  mines  could  be  so  modernized  that 
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they  could  compete  with  any  other  tin  lode-mines  anywhere  else 
in  the  world,  through  the  agencies  of  low  power  costs  and  increased 
efficiency  by  higher  contract  earnings,  harder  work,  and  scientific 
management,  provided  also  that  taxation  was  equitable.  Many 
excellent  papers  on  taxation  had  recently  been  published  by  the 
Institution  and  the  Council  had  performed  a  notable  service  in 
urging  the  necessity  for  fair  treatment  of  the  metal-mining  industry 
in  this  matter.  In  the  past  taxation  had  been  levied  without 
consideration  of  the  needs  of  the  mines  and  it  had  been  impossible 
for  the  managements  to  provide  adequately  for  the  exploratory 
and  other  capital  expenditure  essential  for  the  continuance  of  the 
industry-.  Without  this  it  was  impossible  to  gain  full  knowledge 
of  their  mineral  resources.  The  Cam  Brea  tin-mining  area  of 
Cornwall  afforded  an  instructive  example  of  the  potential  mineral 
resources  which  might  be  lost  to  the  nation  unless  means  were 
found  to  do  the  requisite  exploratory^  work. 

Mr.  Robert  Annan,  after  comphmenting  the  author  on  his 
paper,  said  that  it  was  obvious  that  a  great  deal  of  careful  and 
patient  research  had  gone  into  the  preparation  of  it,  and  so  far 
from  apologising  for  the  clear  and  concise  manner  in  which  he 
had  presented  his  results,  he  thought  the  author  was  to  be  con- 
gratulated. He  knew  that  quite  a  number  of  members  present 
wished  to  speak  on  this  paper  and  therefore  he  would  try  to  be 
brief,  for  he  could  not  add  very  much,  if  anything,  to  the  technical 
part  of  the  discussion.  He  wished,  however,  to  refer  to  some  of 
the  general  aspects. 

The  author  reached  the  conclusion  that  *  there  existed  an 
extensive  mineralized  area  worthy  of  development '.  He  started 
from  the  familiar  premise  that  copper  lodes  passed  down  and  became 
tin-bearing  zones  in  the  granite  and  he  quoted  from  Dr.  Maclaren's 
report  on  that  subject.  By  the  courtesy  of  the  East  Pool  Company 
the  speaker  was  able  to  see  that  report  and  in  it  Dr.  Maclaren 
referred  to  that  same  subject  in  another  part  and  he  wished  to 
quote  a  different  paragraph  from  the  one  given  by  the  author 
in  the  paper  because  it  struck  him  as  expressing  Dr.  Maclaren *s 
views  with  great  precision.     The  quotation  was  as  follows  : — 

Lodes  in  the  granite  will  not  carry  tin  ore  to  indefinite  depths  ;  there  is 
■a  limit  to  the  downward  persistence  of  the  tin-ore  shoots.  This  limit  may 
reasonably  be  placed  at  200  fathoms,  not  beneath  the  surftice,  but  beneath 
the  point  at  which  the  lode  enters  or  comes  into  contact  with  the  granite  ; 
beneath  this  zone  of  200  fathoms  nothing  should  be  assumed.  Weak  shoots 
will  not  persist  so  far  ;  strong  shoots  may  recwjh  that  depth  ;  only  the  very 
strongest  will  pass  beyond  it. 

That  favourable  zone  of  granite  plunged  east  and  west  along 
the  strike  of  the  veins  as  one  went  in  either  direction  from  the 
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East  Fool  shaft  and  to  the  nortli  as  one  proceeded  from  vein  to 
vein  in  that  direction.  He  believed  with  the  author'  that  it  was 
a  favourable  zone  and  worthy  of  development.  To  arrive  at  an 
estimate  of  the  gross  value  the  author  assumed  that  the  propor- 
tionate 3rield  of  copper  to  tin  in  those  veins  which  penetrated  into 
the  zone  would  be  the  same  as  from  those  which  had  been  worked 
in  the  past  in  both  zones.  His  first  comment  on  that  would  be 
that  as  the  value  of  the  tin  ore  had  increased  so  had  the  cost  of 
working.  One  must  also  assume  that  as  one  got  to  a  greater 
distance  from  the  focus  or  source  of  mineralization  the  strength 
of  the  mineralization  must  be  expected  to  decrease.  Whether 
the  lateral  extent  of  tin  mineralization  in  the  granite  would  be 
as  great  as  that  of  copper  in  the  killas  he  was  not  so  sure  ;  while  it 
might  not  be  true  over  a  larger  area»  it  might  very  well  obtain  over 
the  Comparatively  small  area  referred  to  in  the  paper.  Nevertheless, 
he  thought  it  bad  to  be  regarded  with  a  certain  degree  of  caution. 

To  turn  to  some  of  the  conditions  which  .wouU  afifect  the  pro- 
gramtne  of  development  along  the  lines  advocated  by  the  author, 
certain  points  w^re  shown  on  the  plan,  notably  in  the  area  B.  The 
workings  at  the  bottom  of  the  New  Boskear  shaft  were  for  the 
most  patt  in  the  killas.  In  area  D  the  rich  discovery  made  in 
the  Tolgus  Tunnel  from  East  Pool — ^now  inaccessible — could  only 
be  a  short  distance  below  the  contact  and  the  1,600-ft.  level  cross- 
cut in  area  E  also  ran  out  into  killas.  It  cut  a  lode  with  promising 
tin  value  just  below  the  contact.  At  all  these  points  it  would  be 
necessary  to  gain  depth  before  any  useful  development  could  obtain 
in  those  areas. 

The  next  point  to  which  he  wished  to  refer  was  underground 
water.  As  the  author  rightly  pointed  out  there  was  very  little  or 
no  reserve  of  pumping  capacity  in  tlie  district  and  development 
had  been  hampered  by  the  fear  of  cutting  more  water.  He  had 
been  told  on  good  authority  that  there  was  little,  if  anything,  to 
be  gained  by  changing  from  the  Coniish  pumping  engine  to 
electrically-driven  pumps,  but  he  remained  quite  unconvmced 
on  that  subject.  It  was  true  that  the  charge  for  electric  power 
in  the  district  was  a  reproach  to  any  civilized  country,  but  the 
cost  of  coal  was  going  up,  the  quality  he  was  told  was  indifferent, 
and  the  cost  of  pumping  was  a  very  serious  burden  on  the  industry. 
He  thought  it  was  clear  that  the  unij&ed  system  of  drainage  and 
ventilation  would  be  of  the  greatest  benefit  to  the  district  as  a 
whole,  but  the  capital  cost  would  be  a  fairly  serious  matter. 

As  to  the  value  of  the  ore  which  might  be  developed,  the  yield 
in  the  district  for  some  vears  before  the  war  averaged  about  25  lb. 
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of  70  per  cent  tin  concentrates  per  ton  of  ore  milled.  Neglecting 
by-products,  that  was  worth,  say,  80s.  a  ton  ore  value  at  a  price  of 
£225  per  ton  for  tin.  That  did  not  leave  a  very  wide  margin  of 
profit.  The  price  of  tin  to  producers  today  remained  a  State 
secret,  but  he  thought  that  the  value  of  the  ore  today  could  not 
be  less  than  45s.  a  ton,  which  was  a  very  different  matter.  When 
Malayan  production  was  lost  to  the  Japanese  a  shortage  of  tin 
extending  well  into  the  post-war  period  became  a  foregone  con* 
elusion  and  then  if  ever  a  long-term  policy  of  development  wag 
justified.  But  during  the  war  the  industry  came  under  the  influence 
of  the  Ministry  of  Supply  and  was  worked  on  what  was  euphemistic- 
ally termed  a  short-term  policy.  The  mines  were  stripped  of  their 
skilled  labour,  the  ore  was  mined  in  such  quantity  as  was  available, 
and  development  was  restricted  without  any  regard  to  the  future 
of  the  industry.  He  wanted  to  make  it  clear,  however,  that  for 
this  no  blame  attached  to  the  industry  itself  or  to  its  technical 
advisers,  but  it  was  clear  that  had  a  forward  development  policy 
been  initiated  at  that  time  it  would  have  reached  those  objectives 
long  ago  and  the  cost  of  carrying  out  that  poUcy  while  the  mines 
were  in  full  work  would  not  have  been  extravagant. 

Whether  that  work  could  be  accomplished  now  was  another 
matter.  It  was  obvious  that  the  difficulties  were  much  greater 
now^  than  they  were  at  that  time,  but  he  hoped  that  those  who 
were  better  qualified  to  judge  the  matter  than  himself  would  be 
able  to  throw  some  light  on  the  prospects  of  carrying  out  that 
work,  which,  as  he  had  said,  ought  to  have  been  carried  out  long 
ago  and  which  he  hoped  it  would  be  possible  to  carry  out  in  the 
near  future. 

Mr.  Thonia49  Pryor  said  that  the  paper  was  lucid,  concise^ 
informative,  and  timely,  for  there  was  a  great  need  for  the  assess- 
ment of  our  domestic  non-ferrous  mineral  resources.  In  the  first 
place,  the  area  dealt  with  in  the  paper  was  selected  because  it 
embraced  ground  which  could  be  attacked  from  the  workings 
of  existing  mines  and,  in  addition,  was  bounded  on  the  east  and 
west  by  two  modern  shafts,  which,  although  now  disused,  could 
come  later  into  the  scheme  if  the  initial  exploration  were  successful, 
and  thus  provide  adequate  ventilation  and  good  working  facilities. 

There  was  general  consensus  of  opinion  in  agreement  with  the 
author  that  the  figure  of  1,200  ft.  into  the  granite  was  a  reasonable 
and  conservative  estimate  of  the  depth  of  the  favourable  zone 
for  tin.  When,  however,  the  author  took  the  matter  a  little  further 
and  made  a  computation  that  the  potential  tin  ore  to  be  developed 
might  be  worth  something  Hke  £50,000,000  stetlixi^,  Wiet^  -^^x^i. 
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of  course,  many  assiimptlons  involved  which  were  not  capable  of 
precise  estimate.  One  of  these  assumptions,  for  example,  was 
that  tin  would  be  found  below  the  copper  and,  again,  that  tin  would 
be  found  to  persist  to  similar  depth  as  that  of  the  mines  of  Groups 
I  and  II  of  the  paper  (Table  II,  Plate  I). 

The  lode  marked  on  the  map  as  Beeves^s  lode,  and  in  its  further 
east  extension  as  *  Old  Tom's ',  according  to  the  paper  had  pro- 
duced a  great  part  of  the  copper  output  of  North  Crofty,  and  was 
an  important  producer  in  Wheal  Crofty  and  North  Boakear, 
thus  accounting  for  a  good  deal  of  the  copper  output  of  Groups 
m  and  IV.  Was  it  not  a  fact  that  this  same  lode,  known  as  '  Old 
Tom's  *  lode,  had  been  seen  at  a  number  of  levels  in  Elast  Pool 
mine,  but  throughout  that  mine  the  lode,  as  far  as  developed^ 
had  been  virtually  unproductive  of  tin  ?  If  this  was  correct, 
it  was  evidence  that,  at  any  rate  in  the  eastern  part,  tin  had  not 
been  found  in  quantity  below  copper  on  this  line  of  lode.  This 
would  affect  the  validity  of  the  computation  of  the  possible  value 
of  the  undeveloped  tin  ore,  arrived  at  by  applying  the  tin-copper 
ratio  of  mines  of  Groups  I  and  II  to  the  gross  copper  output  of 
Groups  III  and  IV. 

He  would  like  it  to  be  quite  clear,  however,  that  he  agreed 
with  the  author  that  there  were  good  grounds  for  supposing  that 
tin  would  be  found  below  the  copper  in  many  lodes  of  this  un- 
developed zone,  for  the  most  northerly  lodes  yet  worked  in  the 
deeper  levels  of  South  Crofty  were  showing  good  values  for  tin. 

On  page  8  the  author  said  that  the  north-dipping  lodes  were 
commonly  stronger  in  character  than  those  dipping  to  the  south 
and  Malcolm  Maclaren  wTote  to  similar  effect  in  the  Mining  Magazine 
of  May,  1917.  But  if  the  district  as  a  whole  were  considered, 
and  not  merely  the  area  of  Plate  II,  it  was  the  south-dipping  lodes 
which  had  been  of  greater  *  economic  importance  for  Dolcoath 
Main  lode  and  the  Great  Flat  lode  both  dipped  south.  Nowadays, 
in  some  of  the  deeper  levels,  the  lodes  were  getting  much  steeper, 
and  the  distinction  between  north-  and  south-dipping  lodes  was 
not  so  clear-cut  as  it  was  in  former  years. 

Plate  II  gave  the  expected  position  of  the  lodes  at  the  1,900-ft. 
horizon.  Many  readers  would  Hke  more  information,  but  all  the 
information  could  not  be  shown  on  one  sheet  of  paper.  If  the 
author  had  supplemented  the  paper  with  other  maps  similar  to 
Plate  II,  for  the  1,600-ft.  and  1,100-ft.  horizons,  and  accompanied 
those  maps  with  a  series  of  cross-sections,  he  thought  the  general 
argument  of  the  paper  would  have  been  made  easier  to  follow. 

The  Cam  Brea  area  was  a  very  complex  district.    His  personal 
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opinion  was  that  the  planning  of  underground  exploration  in  this 
district  would  be  greatly  assisted  by  study  of  a  suitable  type  of 
mine-model.  Smce  the  author  wrote  his  paper  a  model  of  suitable 
type,  not  involving  the  use  of  glass  plates,  had  been  under  con- 
struction at  the  South  Crofty  mine.  He  had  seen  it  a  few  days 
previously  and  in  this  model  were  shown  the  workings  of  the  last  80 
years,  including  the  New  Roskear  shaft  workings.  Some  photographs 
were  on  the  table  and  gave  an  idea  of  the  construction  of  the  model, 
but  no  photograph  could  convey  the  view  of  the  structural  geology 
afforded  by  study  of  the  model,  which  showed  up  clearly  numerous 
places  where  further  development  was  most  desirable.  The  model 
even  in  its  present  half-completed  stage  fully  supported  Mr. 
Llewellvn's  contention  that  zones  A,  B  and  C  of  Plate  II  warranted 
intensive  exploration. 

The  model  did  not  extend  far  enough  into  East  Pool  to  cover 
the  eastern  part  of  Plate  II  and  thus  provided  no  information  as 
regards  zones  D  and  E.  From  numerous  visits  which  he  made  to 
East  Pool  during  the  years  1942-45,  and  from  a  study  of  the  mine 
plans  and  records,  he  had  come  to  the  conclusion  that  zones  D 
and  E  fully  justified  the  expense  of  their  exploration,  but,  of  course, 
that  expense  had  been  now  considerably  increased  b}'  the  recent 
suspension  of  work  at  East  Pool.  The  water  had  risen  in  that  mine, 
and  the  burden  of  responsibility  on  South  Crofty  was  therefore 
greatly  increased  as  the  sole  remaining  active  mine  in  this  im- 
portant district. 

The  author  was  certainly  correct  in  stressing  the  essential 
need  for  adequate  pumping  capacity  and  good  ventilation,  but 
he  would  not  dwell  on  the  author's  detailed  suggestions  for  explora- 
tion, because  before  these  works  could  be  carried  out  it  was 
necessary  to  have  come  to  a  decision  whether  a  long-term  policy 
of  exploration  was  to  be  adopted.  Such  decisions  involved  con- 
sideration of  many  important  issues  outside  the  scope  of  the 
paper.  If  he  might  be  allowed  one  digression  from  the  discussion 
on  the  paper,  it  was  to  say  that  the  recent  remarks  of  the  Chancellor 
in  his  Budget  speech  were  encouraging,  in  that  he  said  the  Govern- 
ment would  find  whatever  money  was  necessary  to  finance  useful 
and  practical  proposals  for  developing  certain  specified  areas, 
although  it  was  to  be  re<:^retted  that  Cornish  tin-minintr  areas  were 
not  included  in  the  areas  specifically  mentioned.  To  give  their 
domestic  tin  mining  a  long-term  policy  was  certainly  a  useful  and 
practical  proposal  of  great  advantage  to  the  country.  What  was 
needed  was  the  realization  that  the  county  did  in  fact  possess 
important  potential  reserves  of  tin  ore.    The  paper  was  a.  v^Am^VA^ 
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contribution  towards  their  knowledge  of  the  potential  reserves 
of  the  Cam  Brea  area,  and  he  hoped  the  discussion  would  show 
whether  or  not  there  was  general  agreement  amongst  mining 
engineers  that  sufficient  potential  reserves  of  ore  mi$^t  reasonably 
be  expected  to  be  found  to  maintain  mining  in  this  district  for 
many  years  to  come.  The  membership  of  the  Institution  included 
practically  all  the  mining  engineers  who  were  qualified  to  judge  the 
matter.  In  his  opinion,  the  necessary  potential  reserves  of  ore 
existed,  but  the  work  required  active  exploration  of  many  lodes 
containing  scattered  orebodies  and  for  that  reason  he  had  stressed 
the  use  of  suitable  models  to  guide  the  exploratory  work  and 
study  the  structural  geology  upon  which  the  dispostion  of  the  ore- 
bodies  largely  depended. 

Mr.  H.  Q.  Dines*  ofifered  his  congratulations  to  the  author 
on  his  paper  and  particularly  on  bringing  the  West  of  England  up 
for  discussion.  He  had  started  by  saying  that  it  was  not  his 
intention  to  give  a  geological  paper  and  yet  it  seemed  that  his 
deductions  were  based  primarily  on  geological  considerations. 
One  criticism  he  had  to  make  was  that  the  author  still  adopted 
a  rather  rough-and-ready  rule-of-thumb  idea  that  the  top  of  the 
tin  zone  and  the  top  of  the  granite  were  for  all  practical  purposes 
coincident.  The  depth  zones  were  believed  to  have  been  controlled 
by  the  temperature  gradient  of  the  country  rocks  at  the  time  of 
ore  deposition.  The  granite,  no  doubt,  supplied  heat  and  at  the 
time  of  the  injection  of  the  granite  bosses  it  was  possible  that  the 
isotherms  of  the  country  rocks  were  roughly  parallel  with  the 
granite  surface,  but  there  was  evidence  to  show  that  the  arrival 
of  the  granite  masses  and  of  the  mineral -bearing  solutions  were 
separated  by  a  time  interval,  during  which  cooling  must  have 
set  in,  and  the  isotherms  must  have  settled  down,  so  that,  while 
they  sloped  in  the  same  direction  as  the  granite  surface,  they  did 
not  slope  so  steeply  ;  the  depth  zones  were,  in  fact,  so  disposed  in 
many  places  in  the  West  of  England. 

It  so  happened  that  in  the  major  lode  system  of  Dolcoath, 

South  Crofty  and  East  Pool  the  top  of  the  tin  zone  and  the  surface 

of  the  granite  were  more  or  less  coincident,  but  northwards  the 

tin  zone  rose  above  the  granite.     This  was  brought  out '  by  the 

account  of  the  North  Crofty  mine  given  in  the  Appendix,  which 

showed  that  tin  was  being  worked  where  the  granite  surface  was 

at  nearly  twice  the  depth.    This  meant  that  the  potential  tin  was 

not  so  deep  as  the  author  had  allowed  for,  which  from  the  point 

of  view  of  tin  mining  was,  of  course,  an  advantage ;  but  there 

*H.M.  Geological  Survey. 
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was,  unfortunately,  another  geological  consideration  which  was 
not  quite  so  encouraging.  The  general  distribution  of  the  mineral 
deposits  in  the  West  of  England  led  to  the  conclusion  that  the 
mineralizing  solutions  rose  up  in  certain  restricted  centres  and  the 
oreshoots  of  each  mineral  zone,  in  upward  succession,  spread  to  a 
wider  lateral  extent  around  these  emanative  centres. 

The  deposits  of  tin,  the  deepest  zone,  were  much  more  confined 
laterally  within  their  zone  than  deposits  of  copper  in  the  zone 
above.  Tin  was,  therefore,  only  to  be  expected  below  copper 
deposits  actually  at  the  emanative  centres.  The  great  lode  system 
of  Dolcoath,  South  Crofty,  and  East  Pool  represented  the  largest 
emanative  centre  in  the  West  of  England  ;  nevertheless  it  had 
hmits — an  oval  area  embracing  the  territory  of  the  three  large  • 
mines — and  as  yet  there  was  no  proof  that  in  the  area  to  the  north 
there  were  rich  deposits  comparable  with  those  of  the  emanative 
centre.  As  evidence,  they  had  the  results  of  the  new  Roskear  and 
Tolgus  shafts.  It  could  not  be  denied  that  those  shafts  did  pass 
through  the  copper  zone  and  to  about  1,000  ft.  below,  and  it  was 
not  to  be  assumed  that  that  1,000  ft.  was  in  a  barren  zone  between 
the  tin  and  copper,  for  tin  was  definitely  being  worked  in  North 
Crofty  mine  at  a  depth  of  1,000  ft.  from  the  surface  or  less. 

Another  significant  thing  in  the  workings  of  those  shafts  was  that 
the  onlv  values  which  attracted  attention  were  those  which  were 
found  in  the  cross-cuts  southwards — that  is  to  sav,  towards  the 
emanative  centre.  It  was  true  that  in  the  case  of  Roskear  the 
values  were  actually  in  granite,  but  his  contention  was  that  the 
presence  of  granite  was  not  ipso  facto  significant  of  the  presence 
of  tin  :  the  granite  was  several  hundred  feet  below  the  tin  worked 
at  North  Crofty.  Incidentally,  it  was  learned  from  the  Appendix 
that,  at  Xorth  Crofty,  tin  below  the  copper  was  worked  in  the  early 
1860's,  but  it  had  never  developed  into  a  tin  mine  comparable 
with  those  of  the  emanative  centre. 

Another  point  made  by  the  author  was  that  the  mines  in  the 
north  were  nearlv  all  abandoned  when  thev  reached  the  greenstone. 
That  might  have  been  so  in  some  cases,  but  not  in  all.  South 
Roskear  was  sunk  70  fathoms  below  the  lower  greenstone  sill  ; 
the  workings  of  Xorth  Roskear  mine  nmst  have  been  sunk  80  to 
100  fathoms,  and  Xorth  Crofty  to  120  fathoms  below.  The  plans 
of  these  mines  showed  that  the  development  below  the  greenstone 
was  quite  extensive  and  the  amount  of  s toping  was  quite  small 
and  generally  confined  to  scattered  patches. 

He  did  not  wish  to  give  the  impression  that  he  considered  this 
paper  as  being  without  value — far  from  it.    His  CTil\e\sTv\  ^^^'5»  >i>a»\. 
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with  all  the  metioulous  work  put  into  Plate  II,  the  author  did  not 
seem  to  have  taken  account  of  all  the  available  geological  evidence. 

During  the  war  the  Greological  Survey  had  put  a  great  effort  into 
the  investigation  of  the  West  of  England  from  the  standpoint 
oifpractical  mining  geology  and  not  only  had  all  accessible  workings 
been  systematically  surveyed,  but  old  mine  plans,  account  books, 
and  other  documentary  evidence  in  private  possession  had  been 
carefully  examined  and  analysed  and  the  information  contained 
sifted  out.  He  wished  to  express  appreciation  for  the  way  in  which 
the  people  of  the  West  Country  had  co-operated.  Only  in  a  few 
instances  had  permission,  to  examine  such  private  documents 
been  withheld.  In  addition  to  these  they  had  also  inspected  all 
.  the  plans  in  the  Mining  Records  Office.  They  had  been  examined 
in  the  same  way  as  the  private  plans  and  had  all  been  reduced 
to  a  standard  scale.  Plans  of  over  900  mines  were  so  dealt  with, 
which  involved  the  reduction  and  examination  of  close  on  4,000 
plan  sheets.  As  a  result  of  all  this  work  they  now  hoped  that  they 
had  the  whole  of  the  obtainable  evidence  on  the  mining  work 
in  the  West  of  England.  He  hardly  needed  to  say  that  this  work 
was  due  mainly  to  Mr.  T.  Eastwood,  who,  as  Assistant  Director, 
had  started  on  the  work  in  the  West  of  England  early  in  1988. 

He  agreed  with  the  present  author  that  the  northern  part  of 
the  area  was  not  as  well  prospected  as  one  would  wish.  It  was  a 
great  pity  that  a  boring  programme  was  not  carried  out  from  the 
workings  at  East  Pool  before  that  mine  was  allowed  to  close  down. 

In  conclusion  he  said  that  in  his  opinion  areas  A  and  B  as  marked 
on  Plate  II  were  very  favourably  situated.  They  were  opposite 
or  close  to  the  rich  part  of  the  emanative  centre,  where  the  tin 
zone  was  deepest  and  practically  undeveloped.  It  was  a  surprising 
fact  that  below  a  depth  of  1,700  ft.  on  the  west  side  of  the  great 
cross-course — that  is,  area  B — there  had  been  no  drive  of  any 
kind  between  the  south  cross-cut  from  Roskear  shaft  and  the 
main  lode  of  Dolcoath,  which  had  been  worked  to  a  depth  of 
3,300  ft.  Area  C  was  worth  prospecting ;  area  D,  he  thought, 
was  not  quiti'  so  favourable  except,  perhaps,  westward,  and  area 
E  was  too  far  north  for  anv  sizable  runs  of  workable  ore  to  be 
expected. 

Mr.  0.  V.  Paull  said  that,  as  manager  of  South  Croity,  the 
only  mine  still  working  in  the  area  under  discussion,  he  wished  to 
express  himself  largely  in  agreement  with  the  author's  conclusions. 
He  doubted  whether  there  was  a  similar  area  in  Cornwall  which 
contained  so  many  lodes,  but,  unfortimately,  the  majority  lacked 
continuity  both  on  strike  and  dip.    He  could  give  many  instances 
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where,  in  cross-cutting  at  diflFerent  horizons,  they  had  been  dis- 
appointed to  find  nothing  worthy  of  the  name  of  lode  either  in 
width  or  value ;  on  the  other  hand,  they  had  intersected  highly- 
payable  lodes  where  least  expected.  This  had  been  his  experience 
daring  20  years  at  South  Crofty  and  it  was  the  experience  of  his 
father,  Mr.  Josiah  Paull,  during  his  long  period  of  management. 

To  quote  a  classic  example,  when  East  Pool  was  developing  the 
Rogers  lode  at  the  225-fathoins  horizon,  the  west  drive  going 
towards  South  Crofty  (and  only  600  to  800  ft.  distant),  the  lode  was 
some  20  ft.  wide,  very  strong,  and  rich  in  value,  and  it  appeared 
that  it  could  Hve  on  this  strike  for  ever,  vet  their  225-  and 
180-fathom  cross-cuts  north  exposed  no  north-dipping  formations, 
but  only  two  rather  poor  south-underlying  lodes,  which  had  never 
been  sloped,  and  both  these  cross-cuts  were  extended  north  to 
the  killas  junction.  From  the  blanks  drawn  in  these  two  pioneer 
cross-cuts  it  could  easily  have  been  assumed  that  the  mine  was 
doomed  in  depth,  but  seven  or  eight  productive  lodes  had  been 
and  were  still  being  stoped  below  the  225-fathom  level. 

Given  suiiicient  development  the  South  Croft}'  mine  had  in- 
variably responded  by  opening  up  ample  ore  reserves  to  supply 
the  60-head  stamp  mill,  or  a  monthly  tonnage  of  approximately 
6,000.  Unfortunately,  since  the  inception  of  the  present  company 
there  had  been  two  major  wars,  lasting  over  ten  years,  and  in 
company  with  other  mines  they  had  suffered  from  shortage  of 
labour,  curtailed  development,  and  depleted  ore  reserves  to  meet 
urgent  national  requirements.  The  need  of  labour  was  such  that 
the  mill  was  running  at  two-thirds  capacity.  A  further  handicap 
had  been  the  closing  down  of  neighbouring  mines — Dolcoath, 
Tincroft,  Old  East  Pool,  Cam  Brea,  and.  more  recently,  new  East 
Pool  and  Agar — and  the  added  burden  of  pumping  their  water 
had  been  thrown  upon  his  company.  All  the  mines  mentioned 
were  in  the  area  covered  by  the  paper.  Unfortunately,  some  of 
them  were  holed  to  South  Crofty  over  widths  and  lengths  impossible 
to  dam  and  it  had  been  necessary  to  handle  their  water  in  order 
that  South  Crofty  itself  might  live.  In  spite  of  the  extra  burden 
of  high  pumping  charges  and  a  sad  depletion  of  immediate  ore 
reserv^^^^s,  thoy  were  still  confident  that  South  Crofty  could  be  brought 
back  to  a  profitable  mine  again  if  vigorously  developed  and  pro- 
vided with  electrically-driven  pumps  and  modem  mechanical 
muckers  and  locomotives. 

The  New  Dolcoath  mine  immediately  joined  their  western 
boundary  and  was  now  part  of  South  Crofty.  It  was  acquired  in 
1935,  with  the  idea  of  extending  their  drives  westwards  iivt^ 
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In  conclusion  he  emphasized  again  thai  the  area  so  carefully 
mapped  and  studied  by  Mr.  Llewellyn  was  only  a  small  part  of  the 
Cornish  and  Devonshire  tin  areas,  some  parts  of  which  held  out 
equal  promise  to  the  belt  under  consideration.  He  sincerely  hoped 
that  these  other  areas  would  also  be  studied  with  equal  interest, 
in  the  expectation  that  one  day  in  the  future  their  revival  might 
be  undertaken. 

Mr.  John  H.  Trounson  said  that  the  author  was  to  be 
congratulated  on  the  production  of  a  paper  .that  had  the  merit 
of  taking  a  bold  and  comprehensive  view  of  the  possibiUties  still 
latent  in  the  Cam  Brea  area.  In  the  past  exploration  had  fre- 
quently been  conducted  on  far  too  Umited  a  scale ;  economic 
considerations  had,  of  course,  been  partly  responsible  for  this 
state  of  affairs,  but  it  was  undoubtedly  true  that  the  narrow  and 
unimaginative  outlook  of  past  mine  managers  had  also  been  much 
to  blame. 

Much  as  one  agreed  with  the  author's  wilhngness  to  take 
broad  views,  one  could  not  help  but  doubt  the*  accuracy  of  some 
of  the  implied  statements  contained  in  Table  I.  If  each  indi- 
vidual vein  had  some  clearly  distinguishable  characteristic  it 
would  be  possible  to  identify  it  in  widely-separated  mines,  even 
though  large  tracts  of  undeveloped  ground  interveped.  As  matters 
stood,  however,  until  much  more  exploration  had  been  carried 
out  it  seemed  very  doubtful  whether  the  common  identity  of 
certain  lodes  in  different  mines  could  be  established  in  the 
manner  suggested  in  Table  I.  As  the  author  pointed  out,  how- 
ever, many  of  the  lodes  were  probably  far  more  continuous 
both  in  strike  and  in  depth  than  was  generally  realized.  In  some 
quarters  there  had  been  a  tendency  in  recent  years  to  regard  tht^ 
deep-seated  lodes  remote  from  the  centn*  of  the  granite  outcrop 
as  short  *  gash  '  veins  of  limited  economic  importance.  Eecent 
developments  in  South  Crofty,  however,  were  throwing  doubt  on 
the  correctness  of  this  assumption.  A  ^ood  example  of  a  lode 
hitherto  regarded  as  a  relatively  short  orebody  was  the  Xo.  4 
lode,  which  occurred  near  the  northern  limits  of  the  mine  as  so 
far  developed — namely,  1,000  ft.  north  of  Robinson's  shaft.  Thi> 
lode  had  now  been  extensively  explored  at  four  horizons  in  the 
Eobinson's  section  for  a  length  of  over  1,200  ft.  and  in  recent  weeks 
what  appeared  to  be  the  same  lode  had  been  intersected  in  the 
816-fathom  cross-cut  (1,200  ft.  north  of  Cook's  shaft)  at  a  point 
830  ft.  west  of  the  most  westerly  drive  on  it  in  the  Robinson's 
section.  If  this  proved  to  be  v\  cowtiuuous  vein  its  strike  would 
have  been  demonstrated  to  per»\v>V  lot  ow^x  *1,^Q^^  \.\.,  ^sXv^a  ^V  \.W 
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present  time  it  gave  great  promise  of  much  more  extension  still 
further  westward.  The  No.  4  lode  was  not  the  onlv  instance  that 
could  be  given  of  this  type  of  development  ;  there  now  appeared 
to  be  a  distinct  possibility  that  the  No.  1  lodes  of  Robinson's 
and  Cook's  sections  respectively  might  prove  to  be  the  same  vein. 
Indeed,  as  the  author  pointed  out,  there  was  great  scope  for  far 
more  lateral  exploration,  even  along  the  strike  of  the  known  lodes. 

The  paper  suggested  five  zones  or  areas  worthy  of  intensive 
development  and  of  these  A  and  B  seemed  to  offer  the  best 
possibilities  for  immediate  attention.  In  consequence  of  war-time 
difficulties  the  only  major  piece  of  exploration  which  it  had  been 
possible  to  carry  out  at  South  Crofty  in  recent  years  had  been  the 
driving  of  the  815-fathom  north  cross-cut  from  Cook*s  shaft.  As 
previously  mentioned,  this  had  resulted  in  the  cutting  of  the 
No.  4  lode,  which  was  obviously  a  major  orebody,  the  200  ft.  of 
•driving  to  date  having  exposed  an  average  value  of  81  lb.  of  black 
till  per  ton  over  a  width  of  5*5  ft.,  the  greatest  width  so  far  seen 
being  9  ft.  In  addition  to  cross-cutting  to  that  lode  at  higher  and 
lower  levels  it  was  [clearly  desirable  that  exploration  be  extended 
still  further  north  into  the  author's  A  zone,  where  other  orebodies 
of  importance  might  reasonably  be  expected  to  exist. 

One  could  not  help  feeling  that  in  his  paper  Major  Llewellyn 
had  not  adequately  emphasized  the  immense  possibilities  that 
were  latent  in  zone  B.  In  the  Cam  Brea  area  the  lodes  immediatelv 
north  of  the  granite  outcrop  might  be  divided  into  two  groups  : — 

(1)  The  predominantly  south-dipping  lodes  of  the  Dolcoath- 
Cam  Brea  series  of  mines. 

(2)  The  *  Entral '  lodes,  mostly  north-dipping,  of  the  East 
Pool-Soutli  Crofty  group. 

All  lodes  in  the  area  were  intersected  bv  the  Great  Gross-course 

ft' 

under  the  Tuckingmill  valley  and,  irrespective  of  dip,  seemed 
-to  be  faulted  approximately  400  ft.  in  a  right-hand  direction. 
Whereas  the  lodes  of  th(?  first  group  had  been  most  extensively 
wx)rked  on  Ijoth  sides  of  the  cross-course,  the  *  Entral '  lodes 
further  north  had  for  some  obscure  reason  never  been  developed 
in  depth  west  of  the  fault,  although  their  outcrops  in  the  northern 
part  of  the  old  Dolcoath  mine  had  long  been  recognized  and  indeed 
worked  to  shallow  depths  by  the  *  old  men  '.  The  development 
of  these  lodes  (in  zone  B)  could,  with  adequate  labour,  bt* 
immediately  tackled  from  the  western  or  Cook's  section  of  South 
Crofty  and  later  from  the  deep  circular  Roskear  shaft,  which 
was  sunk  further  westward  by  the  Dolcoath  co\up^i\y  %otc\^  ^^^^x's* 
ago.     The  importance  of  extensive  developments  \\\  Wiva  ^loxv^  <A 
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the  Cam  Brea  area  could  not  be  over-estimated,  as  they  offered 
first-class  opportunities  for  major  discoveries  that  might  well 
produce  a  great  revival  of  mining  within  the  area. 

With  reference  to  the  other  zones  mentioned  by  the  author, 
that  referred  to  as  C  certainly  seemed  to  be  worthy  of  further 
investigation,  although  it  was  of  secondary  importance  in  com- 
parison with  A  and  B.  Experience  in  the  East  Pool  mine  did  not 
seem  to  offer  ver\'  hopeful  prospects  in  zone  E  and  he  would  not 
personally  recommend  anj^  further  development  there  at  the  present 
time.  Zone  D,  however,  was  in  an  entirely  different  category  and 
it  was  regrettable  that  through  a  combination  of  circumstances  it 
had  been  found  impossible  to  resume  the  development  of  the 
magnificent  orebody  intersected  in  this  area  in  1920  at  a  depth 
of  1,550  ft.  from  surface.  In  view  of  the  position  of  the  killas- 
granite  junction  to  the  north-east  the  length  available  on  the  line 
of  strike  of  this  great  lode  might  be  limited,  but  there  would  seem 
to  be  excellent  possibilities,  too,  in  the  development  of  the  parallel 
lodes,  some  of  which  were  intersected  by  diamond  drilling  from 
the  Tolgus  Tunnel,  in  which  the  great  lode  was  cut.  If  the  East 
Fool  and  Agar  company  were  ultimately  forced  to  go  into  liquida- 
tion without  being  able  to  tackle  this  area,  it  would,  from  the 
national  point  of  view,  be  a  most  regrettable  loss  of  potential 
mineral  production  and  employment-giving  capacity  at  a  time 
when  both  were  likely  to  be  sorelv  needed. 

The  paper  omitted  all  reference  to  an  interesting  and  important 
development  that  had  been  taking  place  in  the  South  Crofty  mine 
during  the  past  year — namely,  the  discovery  of  wolfram  in  consider- 
able quantities,  together  with  coarsely -crystalline  cassiterite  and 
great  quantities  of  mispickeJ  in  a  lode  at  the  very  bottom  of  the 
mine.  The  orebody  in  question  had,  by  reason  of  its  contents, 
been  named  the  *  Complex  '  lode  and  had  now  been  developed 
at  the  885-fathoin  level  of  the  Kobinson's  section  for  a  distance  of 
240  ft.,  the  last  175  ft.  of  which  averaged  69  lb.  of  wolfram  and 
15  lb.  of  black  tin  per  ton  over  a  lode  width  of  3*3  ft.  ;  in  addition 
ver}'  high  arsenical  values  were  present.  The  335-fathom  level 
was  2,021  ft.  from  surface,  or  approximately  1,000  ft.  below  the 
killas-granite  junction,  and,  indeed,  was  at  a  geological  depth 
where  it  was  thought  that  the  lower  limits  of  the  tin  zone  were 
being  approached.  Similar  minerals  were  admittedly  encountered 
in  a  lode  found  in  cross-cutting  north  at  the  2,000-ft.  level  of  the 
new  Roskear  shaft,  but,  whereas  in  that  case  the  lode  was  in  the 
sediwentarv  *  killas'  rock,  the  *  Complex  '  h)de  at  South  Crofty 
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was  deep  in  the  giauite  aud  as  such  absolutely  unique  in  the  history 
of  Cornish  ore  occurrence. 

The  possibihties  of  major  wolfram  discoveries  in  depth  were  not 
limited  to  the  *  Complex  *  lode  alone,  as  there  were  numerous  other 
indications  of  the  presence  of  wolfram  in  the  deeper  levels  of  the 
mine  and  especially  so  in  the  case  of  the  No.  8  lode  of  Cook's 
section,  which  was  more  than  1,500  ft.  west  of  the  present  develop- 
ments on  the  *  Complex  '  lode. 

The  discovery  of  this  remarkable  lode,  which  looked  likely  to 
*  make  *  dow^n wards  rather  than  upwards,  added  additional  interest 
to  the  old  question  whether  the  tin  zone  hitherto  worked  was  the 
lowest  horizon  at  which  economic  mineralization  occurred  or 
whether  there  were  further  workable  deposits  of  tin  or  other  metallic 
minerals  at  still  greater  depth.  The  presence  of  coarsely-crystalline 
cassiterite  as  well  as  massive  mispickel  (both  typical  of  the  shallow 
zones  of  the  lodes)  added  still  further  interest  to  the  discovery 
of  the  *  Complex '  lode. 

WTiatever  theories  might  be  advanced  in  explanation  of  this 
unique  fonnation,  it  was  certain  that  its  economic  importance 
could  only  be  proved  by  further  development  in  depth  ;  indeed, 
such  development  might  compel  them  to  modify  several  of  their 
present  ideas  concerning  deep  ore  occurrence  in  the  area.  Unfor- 
tunately, the  present  acute,  although  probably  only  temporary, 
shortage  of  labour  had  necessitated  a  suspension  of  work  on  the 
lode.  In  view,  however,  of  the  extremely  important  information 
that  deeper  sinking  on  that  lode  might  yield  with  reference  to  ore 
occurrence  at  greater  depths  throughout  the  area  as  a  whole,  it 
would  seem  to  be  a  matter  of  the  greatest  interest  and  value  that 
the  sinking  of  a  winze  should  be  commenced  on  the  *  Complex  '  lode 
at  the  earliest  possible  moment. 

One  other  point  in  the  paper  necessitating  comment  was  the 
mode  of  estimating  the  value  of  the  reserves  of  tin  ore  in  the  area. 
This  seemed  undesirably  speculative  and  it  would  probably  be 
wiser  to  defer  any  such  estimates  until  extensive  developments 
had  been  carried  out  on  the  lines  indicated  in  the  paper.  Anyone 
conversant  with  the  Cam  Brea  area  was  aware  that  there  were  still 
important  possibihties  latent  there,  but,  inasmuch  as  there  was 
no  substitute  for  actual  underground  development,  until  this  had 
been  much  extended  it  would  seem  wise  to  defer  even  general 
estimates  of  the  value  of  the  metal  present. 

Professor  W.  R.  Jones  said  that  b}-  far  the  greatest  produc- 
tion of  tin  had  hitherto  been  from  alluvial  and  eluvial  deposits. 
These  surface  deposits,  when  worked  to  bedrock,  ceased  to  ^J\'^\d. 
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cassiterite  and  there  was  no  second  crop.  When  it  was  considered 
that  in  Malaya  one  of  the  many  large  tin  dredgers  could  in  one 
day  recover  more  tinstone  than  would  accumulate  throughout 
the  whole  of  the  Malay  Peninsula  by  natural  weathering  agencies 
in  a  generation,  it  required  little  imagination  to  realise  what  the 
result  would  be  in  the  course  of  years.  Very  extensive  alluvial 
areas  in  Malaya,  Siam,  Dutch  East  Indies,  and  Nigeria  had  already 
been  worked  out,  many  were  approaching  exhaustion,  and  some 
had  pasfied  their  optimum  production,  while  others  had  a  life  of 
several  years.  Inevitably,  the  history  of  tin  mining  would  repeat 
that  of  gold  mining.  Within  living  memory  the  bulk  of  the  world's 
gold  was  from  placer  deposits  ;  now  it  was  from  reefs  and  lodes. 

It  was  tme  that  in  a  few  parts  of  Malaya  workable  tin  lodes 
occurred,  but  in  that  and  the  neighbouring  countries,  and  in 
Nigeria,  most  of  the  cassiterite  in  the  alluvial  and  eluvial  deposits 
was  derived  from  stringers  and  disseminations  which  could  not 
be  worked  economically  in  imdecomposed  rock. 

The  writing  on  the  wall  was  clear  enough  to  those  interested 
in  tin  mineral  resources ;  it  was  that  the  time  would  come— and 
the  rising  generation  would  see  it — when  greater  attention  would 
be  focused  on  the  few  parts  of  the  earth's  crust  where  tin  lodes 
occurred.  One  of  these  few  was  Cornwall.  It  was  for  these  reasons 
that  the  speaker  welcomed  the  paper,  which  contained  much  new 
and  valuable  information  concerning  an  area  where,  for  its  size, 
more  tin  lodes  had  been  mined  than  in  any  part  of  the  world. 

Mr,  T.  Ecistwood  desired  to  say  that  he  believed  there  was 
still  some  good  stuff  to  come  out  of  Cornwall.  Ho  thought,  however, 
that  in  order  to  get  that  material  out  it  was  necessary  to  take  a 
very  long  view  indeed.  That  long  view  would  demand  a  synthesis 
of  all  available  information  and  it  had  been  his  policy  on  tht- 
Ge»)logical  Survey  to  s^'nthesise  all  such  information  so  that  peopl- 
might  have  at  their  command  the  knowledge  which  they  would 
undoubtedly  require  in  order  to  develop  any  area. 

He  was  extremely  glad  to  welcome  a  paper^  by  the  author  on 
this  area,  because  his  methods  wore  admittedly  different  from  theirs, 
altlnnish  on  the  same  «'eneral  lines.  He  could  not  take  so  rosv  a 
vit'W  as  Mr.  Llewellyn  did  of  the  precir«e  amounts  of  material  t<> 
be  1,'ained,  but  he  thought  that  if  progress  were  made?  on  the  line? 
of  really  opening  up  fairly  large  blocks  of  country  to  a  proview, 
tiler*:'  was  some  chance  of  success.  He  wa^  glad  that  the  paper 
had  been  brought  forward  because  he  believed  that  the  inore  views 
on  these  lines  the  better — in  other  words,  two  heads  were  better 
than  one.    Although  they  of  the  Survey  might  hold  different  views 
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from  Mr.  Llewellyn,  there  was  probably  in  some  cases  just  as  much 
chance  that  bis  views  were  as  right  as  theirs. 

Sir  Lewis  Permor  said  that  he  had  not  much  knowledge 
personally  of  the  tin  industry  of  Cornwall,  although  he  had  been 
there  once  or  twice.  But  he  had  been  to  many  countries  abroad^ 
and  everywhere  he  went  he  found  Cornish  miners  or  Cornish 
mining  engineers  and  it  became  evident  to  all  those  who  travelled 
that  the  continuance  of  British  interest  in  mining  industries 
abroad  depended  on  the  continuance  of  the  supply  of  men  trained 
in  Cornwall.  Therefore,  they  must  be  interested  in  the  problem 
whether  or  not  Cornish  mining  industries  were  going  to  persist. 
This  depended  upon  two  things — namely,  upon  whether  the  mineral 
was  there  and,  secondly,  upon  whether  the  taxation  imposed  by 
Government  would  permit  it  to  be  extracted. 

He  had  found  it  heartening  to  listen  to  the  paper  because  it 
seemed  evident  therefrom  that  there  was  still  plenty  of  tin  ore 
in  Cornwall  to  be  got  out.  What  they  had  to  do  now  was  to  secure 
an  economically  feasible  scheme  of  taxation,  so  as  to  permit  the 
extraction  of  the  ore  that  they  all  believed  was  there.  For  that 
reason  he  was  glad  that  the  author  had  read  his  paper  and  he 
congratulated  him  thereon. 

Mr.  W.  0.  0.  Rose  said  that  in  congratulating  the  author 
he  would  like  to  say  a  word  on  behalf  of  the  Ministry  of  Supply. 
It  was  partly  owing  to  the  work  of  that  Ministry  during  the  war 
that  Major.  Llewellyn  had  been  able  to  prepare  his  paper,  with 
which  remark,  he  was  sure,  the  author  would  willingly  agree. 

Mr.  A.  T.  Holman  said  that  he  was  delighted  that  someone 
had  come  forward  and  put  the  case  for  Cornwall  in  such  a  clear 
way.  His  uncle,  who  had  been  closely  associated  with  Cornish 
mining  for  many  years,  had  held  strongly  that  there  was  a  great 
quantity  of  tin  in  Cornwall  not  yet  got  out.  His  own  point  of 
view,  while  in  full  agreement  with  this,  was  more  particularly  that 
of  the  mechanical  engineer,  and  he  felt  it  was  vitally  necessary  to 
keep  Cornish  mines  going.  There  would  not  have  been  the  mining 
machinery  exported  from  Cornwall  or  perhaps  from  England  as 
a  whole  but  for  the  Cornish  mines  and  the  mechanical  devices 
which  were  developed  there.  There  were  four  firms  in  Cornwall 
exporting  very  large  quantities  of  material  to  all  parts  of  the  world. 
Li  the  tirst  place  it  was  due  to  the  fact  that  Cornish  men  went  out  as 
experienced  miners  and  mining  engineers  and  had  asked  for  the  mat- 
erial which  they  knew.  The  Cornish  mines  were  an  asset  which 
England  could  not  afford  to  neglect  and  should  be  exploited  for  the 
sake  of  the  whole  comitry. 
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Mr.  J.  O.  AUaQ,  after  complimentiug  the  author  on  a  very 
coustructive  paper,  said  that  intelligent  appreciation  of  the  problems 
relating  to  Cornish  mining  was  sufficiently  unusual  to  make  a  well- 
reasoned  thesis  on  the  subject,  such  as  the  author  had  presented, 
very  refreshmg  reading  when  compared  with  so  much  that  had 
been  written.  The  author  wrote  that  many  instances  had  b^en 
recorded  of  tin  above  copper.  AVhere  tin  occurred  above  copper 
it  would  probably  have  been  accessible  to  the  ancients  and  in  his 
opinion  much  of  the  tin  reported  to  have  been  mined  by  them 
must  have  come  from  outcrop  workings.  His  reason  for  this  view 
was  that  the  surface  configuration  of  Cornwall  did  not  lend  itself 
to  widespread  alluvials.  It  was  possible,  therefore,  that  the  pro- 
duction of  tin  in  ancient  times  was  not  so  important  as  history 
would  have  them  believe.  Tin  alluvials  were,  however,  much 
larger  and  more  wide-spread  on  the  Iberian  peninsula  and  traces 
of  extensive  working  existed  there.  The  Cassiterides  legend  might, 
therefore,  have  been  an  early  form  of  propaganda  to  discourage 
possible  tin  buyers.  The  mining  of  tin  over  the  last  80  years, 
however,  together  with  the  Cassiterides  story,  had  led  to  the  over- 
emphasis of  tin  in  Cornish  mining  history.  For  over  200  yeai-s 
the  principal  metal  mined  in  Cornwall  was  copper.  While  tin 
had  been  mined  in  a  desultorv  fashion  since  verv  early  times. 
it  was  the  copper  mines  that  gave  the  real  foundation  to  the  tradition 
of  Cornish  mining  to  which  the  modern  industry  owed  so  much. 
This  was  clearly  brought  out  in  Table  II,  which  gave  results  of 
only  the  small  section  of  the  West  Country  mining  area  under 
consideration. 

In  considerini'  the  historv  of  the  old  mines  it  must  be  borne  in 
mind  that  the  price  of  tin  averaged  below  £100  per  ton  from  about 
1^:^15  to  1855,  during  which  period  the  price  of  copper  fell  gradually 
as  low  as  £60  per  ton  in  1848.  The  Dolcoath  mine,  wliich  in  1845 
produced  3,400  tons  of  copper  ore,  had  dropped  to  700  tons  in 
1855,  prior  to  which  year  the  tin  production  had  been  under  500 
tons  per  year.  During  the  years  1850  to  1855  the  price  of  tin 
doubled  and  the  Dolcoath  tin  production  showed  a  steady  annual 
increase  for  80  years.  Thus  in  the  case  of  the  mine  that  produced 
86  per  cent  of  the  tin  in  the  area  under  review  ii  would  appear 
that  it  was  the  rise  in  the  tin  price  at  a  critical  juncture  in  tli»* 
history  of  the  muie  that  enabled  it  to  keep  the  mine  unwatered 
and  carried  through  as  a  tin  producer.  Had  the  copper  been 
exhausted  30  years  earlier  it  was  probable  that  Comw^all's  biggest 
producer  of  tin  to  date  would  today  be  in  the  position  of  many 
other  oi  the  abandoned  copper  mines.    It  was  only  to  be  expected 
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that,  as  was  pointed  out  bj  the  author,  the  mines  nearer  the 
granite  outcrop  would  have  less  difficulty  in  reaching  the  tin  zone, 
but  the  painful  history  of  attempts  to  open  many  of  the  old  mines 
outside  this  area  had  been  largely  based  on  stories  of  old  miners 
and  not  on  such  constructive  consideration  of  the  broad  factors 
involved  as  had  been  given  in  the  paper.  The  problem  was  not 
^asy,  the  difficulties  being  such  that  they  could  only  be  overcome 
in  a  large  way  with  ample  capital  backmg,  and  it  was  useless  to 
imagine  that  Cornish  mining  could  be  revived  by  companies  with 
a  capital  structure  more  suitable  for  a  medium-sized  grocery 
business. 

Another  point  wun  that  the  author  gave  the  estimated  tin 
production  at  275,000  tons  of  concentrates.  He  considered  that 
the  over-all  extraction  was  not  likelv  to  have  been  more  than 
60  per  cent,  so  that  this  represented  a  total  of  some  460,000  tons. 
He  could  not  imagine  any  organization  with  the  courage  and 
resources  necessary  to  solve  the  problem  being  content  with  a 
mill  treatment  that  allowed  individuals  to  make  a  comfortable 
living  out  of  the  mill  tailings,  nor  would  they  be  content  to  hand 
their  concentration  problems  to  old  gentlemen  whose  idea  of  a 
modem  concentration  machine  was  beating  a  tattoo  on  th^  sides 
of  half  a  beer  barrel ! 

In  conclusion  he  again  emphasized  that  in  the  history  of  mining 
in  Cornwall  copper  had  been  far  more  important  than  tin  and 
although  the  mining  of  the  latter  was  able  under  special  circum- 
stances to  struggle  through  in  a  small  way,  the  80  years  of  low 
metal  prices  in  the  middle  of  the  last  century  gave  Cornish  mining 
a  blow  from  which  it  had  never  recovered.  The  general  world 
increase  in  mining  after  1860,  coming  at  the  end  of  a  long  period  of 
depression,  dispersed  the  mining  population  and  ht^d  added  to  the 
difficulties. 

The  President  said  that  he  was  glad  that  Mr.  Annan  had 
mentioned  the  matter  of  pumping.  He  knew  that  they  might  be 
getting  on  rather  dangerous  ground  if  they  tried  to  make  a  com- 
parison between  Cornish  pumps  and  electric  pumps,  but  he  was 
not  at  all  convinced  that  the  Cornish  engine  was  the  best  form  of 
equipment  for  that  particular  purpose.  He  had  no  doubt  that  this 
question  of  Cornish  pumps  versus  electric  pumps  had  been  thrashed 
out  over  and  over  again  in  Cornwall  and  it  would  have  been  interest- 
ing to  hear  what  the  final  opinions  were.  He  was  sorry  that  the 
author  had  not  dealt  with  this  pumping  question  rather  more 
fully ;  it  was  only  referred  to  in  one  place  in  tVi<&  )^«i^^x  ^>afew  \\. 
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was  stated  that  the  pumping  capacity  should  be  increased,  a- 
sentiment  which  he  was  sure  all  of  them  would  endorse. 

He  believed  he  was  right  in  saying  that  most  of  the  water  with 
which  these  mines  had  to  deal  was  surface  water  and  that  the 
amount  of  water  which  the  mines  made  in  the  deeper  workings 
was  comparatively  small.  The  author  did  not  say  anything  about 
the  total  quantity  of  water  to  be  pumped,  but  from  figures  which 
he,  the  speaker,  had  himself  seen  he  did  not  beUeve  that  this- 
quantity  was  really  very  excessive  when  compared  with  the  large 
quantities  of  water  which  were  pumped  from  mines  in  other  parts 
of  the  world.  It  would  certainly  appear  that  water  had  been  the 
bogey  of  Cornish  mining,  particularly  in  this  area,  and  that  the 
mines  had  always  had  to  work  under  a  severe  handicap — namely,, 
the  constant  fear  of  being  drowned  out.  That  was  particularly 
unfortunate,  because  the  richest  lodes  were  often  likely  to  be  very 
wet  ones. 

Another  point  only  briefly  touched  upon  in  the  paper  was  diamond 
drilling.  The  author  said  that  drilling  alone  would  not  provide 
sufficient  information.  In  the  case  of  these  Coniish  tin  lodes, 
where  values  were  liable  to  be  very  erratic,  this  was  undoubtedly 
true  and  he  would  like  to  support  that  statement  strongly.  The 
best  way  of  finding  out  what  was  really  there  was  by  means  of 
underground  workings — particularly  cross-cuts  and  drifts. 

Mr.  Brian  Llewelljni,  after  stating  that  he  would  prefer  to 
make  his  reply  in  writing  after  he  had  studied  the  report  of  the 
discussion,  said  that  the  President's  assumption  about  water  in 
the  mines  was  correct — it  was  surface  w^ater.  When  morr  than 
half  the  adits  were  unplotted  on  any  map  it  was  extremely  diflieult 
to  ensure  that  all  surface  water  was  led  awav  and  did  not  izo  into 
tlie  mine. 

Mr.  0.  V.  Paull  desired  to  add  a  word  arisin;^'  fr(»ni  two 
queries  raised  durinj:,'  the  discussion  :  In  his  own  particular  mine, 
where  they  wt»re  pumping  about  800  to  900  gallons  per  minute,  only 
about  300  gallons  of  the  total  came  from  the  lodt^s  themselves. 
The  remaining  600  gallons  came  from  adjoining  abandoned  mines  ; 
the  whole  area  was  supplied  with  adits,  but  with  so  many  mines 
closed  the  surrounding  adits  were  not  patrolled  and  repaired  a« 
they  should  have  been  and  were  now  in  many  cases  inaccessible. 

JChe  adit  water  flowed  direct  hito  the  abandoned  mines  and  the 
^^^^^^re  forced  the  water  through  the  cross-courses  into  theirs. 
^^         ^fcoase  of  two  mines  it  would  overflow  and  gain  direct  access 
f  ■'Continually  pumped. 

flMs  own  mine  the  water  was  pumped  from  2,200  ft.  by  means 
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of  Cornish  pumps,  but  the  speed  of  those  engines  was  Hmited  by 
the  weight.  They  had  reached  the  capacity  of  the  two  pumps^ 
which  were  90  in.  and  80  in.  respectively.  Their  total  capacity 
was  not  great  when  talking  in  terms  of  modem  electric  pumps.  It 
required  15  men  to  man  each  pump — three  drivers,  three  stokers^ 
four  men  cUmbing  through  the  shaft,  and  also  the  repair  gang» 
whereas  to  pump  the  whole  mine  electrically  six  or  eight  men  would 
be  sufl&cient.  They  had  gone  into  the  figures  carefully  and  they 
themselves  were  putting  forward  a  proposition  that  they  should 
transfer  to  electric  pumping ;  it  broke  their  hearts  to  think  of 
saying  good-bye  to  Cornish  pumps,  but  electric  pumping  would  be 
cheaper,  owing  to  the  big  increase  in  the  cost  of  labour  and 
coal. 

On  the  proposal  of  the  President  a  hearty  vote  of  thanks  to 
the  author  for  his  paper  was  passed  with  acclamation. 


CONTRIBUTED  REMARKS 

Mr.  Maurice  Gregory :  Mr.  Llewellyn  is  to  be  complimented 
on  the  consoUdation  of  a  large  amount  of  scattered  information 
deahng  with  the  area  in  question  and  on  the  comprehensive  plan 
of  the  lodes  which  accompanies  it.  It  is  to  be  hoped  that  he  may 
find  the  leisure  and  inclination  to  deal  with  other  sections  of  the 
county  in  a  like  manner. 

Much  limeUght  has  been  brought  to  bear  on  the  mines  of  this 
area  around  and  particularly  north  of  Cam  Brea,  principally  on 
account  of  their  having  been  such  proUfic  tin  producers  in  the 
past :  also,  their  long  life  has  been  in  a  measure  due  to  the  per- 
sistence of  econoraicallv-savable  tin  oxide  in  the  lodes  down  to 
great  depths.  No  major  lode  channel  has  been  reported  as  having 
been  bottomed  ;  it  may  have  pinched,  or,  what  is  more  important^ 
the  tin  oxide  may  have  become  so  fine  as  to  be  difficult  to  save 
economically  in  the  dressing  plant.  I  feel  I  must  stress  observations 
in  practice  where  it  has  been  found  that  the  deeper  one  penetrates 
the  granite  the  finer  and  more  difficult  to  save  does  the  tin  become 
and  estimates  of  potential  tin  ore  values  should  be  considered 
with  this  in  mind  when  dealing  with  values  below  horizons  where 
comparatively  recent  mining  operations  ceased  in  the  granite. 

Fluctuating  prices  for  tin  and  the  working  of  the  mines  on 
complex-  and  low-grade  ore  down  to  a  point  wherfe  economic 
reserves  were  depleted,  due  to  a  close  working  balance  between 
ore  values  and  dividends,  were  probably  prime  factors  whioh 
prevented  explorations  farther  afield  and  in  dei^tViv  «*^  ^^  woSJosst 
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n  of  the  workings  from  Taylor  ahaft  projected  on  to  the  Una  ot 
,-   by  MiK'laren  in  1918.     (Figures  rt'preaout  tbe  depths  in  fathoms 
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TiM  Institntl^m  as  »  l^^dj  is  B«t  respsnslMs  for  thm  statsmsmts  mads 
•r  oplBl«Ba  •zprssssd  In  any  of  Its  pnUloatlsns. 

AUTHOK'S  REPLY  TO  DISCUSSION* 

ON 

Shaft-Pillars  and  Shaft-Spaces. 

By  G.  Hildick-Smith,  Member. 

Mr.  O.  Hildick-Smith :  I  wish  to  thank  all  those  who 
contributed  to  the  discussion  on  my  paper  and  especially  Dr.  Keep 
for  introducing  it  and  giving  explanations  on  certain  matters 
raised  in  the  discussion.  Dr.  Keep's  thought-reading  regarding 
fhe  reason  for  late  pillar  extraction  in  rocks  of  lower  tensile  strength 
was  entirely  correct. 

I  think  perhaps,  as  usual,  some  details  of  actual  results  may  bd 
of  more  interest  to  members  than  quibbles  on  theoretical  grounds, 
and  so  I  will  give  an  overall  reply  to  the  discussion  in  that  way. 

Three  stages  in  regard  to  the  work  on  the  shaft-pillar  extraction 
at  the  Central  Shaft,  Modder  B.  Gold  Mines,  are  shown  in  Figs. 
8,  9,  and  10.  The  time  factors  for  the  various  periods  should  be 
noted.  It  will  be  seen  from  Fig.  10  that  the  conditions  as  shown 
have  existed  for  nearly  two  years.  Details  of  the  hanging-wall 
subsidence,  as  determined  at  points  near  the  shaft,  are  shown  in 
Fig.  11  and  those  for  the  surface  in  Fig.  10.  The  relative  amounts 
of  subsidence  shown  in  Figs.  10  and  11  should  be  compared. 

It  is  interesting  to  note  that  the  subsidence  of  the  hanging-wall 
over  the  point  X,  Fig.  10 — shown  also  in  the  section  at  X,  Fig.  12 
— has  now  been  sufficient,  due  to  the  compression  of  mat-packs 
(chocks  4  ft.  square,  built  of  5-in.  by  4-in.  slabs  placed  four  in  each 
TOW  and  5  ft.  apart  on  strike  and  dip),  to  punch  the  foot-wall  and 
bend  steel  girders  over  the  main  ore  bin.  Movement  above  the 
bin  stopped  immediately  the  compressed  mat-packs  were  extracted 
and  replaced  by  new  ones.  This  would  not  have  happened  so 
soon  with  a  foot-wall  rock  of  higher  tensile  strength  than  the  shale 
of  which  it  was  composed. 

With  the  total  amount  of  subsidence  to  date  as  shown  in  Fig.  11 
no  difficulty  has  been  experienced  in  the  shaft  itself,  as  the  telescopic 
arrangements  for  studdles  and  shaft  runners  were  effective,  pro- 
Tided  care  was  taken  to  ensure  that  the  bolts  could  move  freely  in 
«lots  in  the  timbers  and  plates. 

*BuU.  470,  January,  1945. 
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G.  HILDIOK-SMITH  : 


STORED  OUT  AREAS  SHOWN  THUS 


Fio.  8.--Plaa  as  at  3l8t  December,  1940. 


Fig.  9.— Plan  as  at  31st  December,  1943. 
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Fig.  10.— Plan  aa  at  30th  June,  1944,  to  date  (25th  April,  1946). 
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O.  HHiDIOK-SMITH  : 


STORED  OUT  AREAS  SHOWN  THUS  I 


Fio.  8.— Plan  as  at  3l8t  December,  1940. 


Fio.  O.—Plan  as  at  31st  December,  1943. 
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Fig.  10.— Plan  aa  at  30th  June,  1944,  to  date  (25th  April,  1946). 
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O.  BILDIOK-SlflTH. 


It  will  be  seen  in  Eig.  10  that  the  pillars  A,  B,  and  C  have  been 
left  for  the  time  being  in  order  to  damp  down  the  hanging-wall 
subsidence.  When  either  shearing  of  the  hanging-wall  in  their 
Ticinity  or  the  crushing  of  the  pillars  takes  place,  then  they  will 


FiQ.  12. — Section  throned  a-b  of  Fig.  10. 

be  removed.  Eventually  the  hanging-waU  will  have  subsided 
<mtil  it  rests  on  the  foot-waU,  and  then,  to  prevent  ptmching, 
the  hanging-wall  over  the  necessary  area  for  about  4  ft.  thick  will 
have  to  be  mined,  or,  in  other  words,  similar  operations  to  those 
necessary  in  the  original  stoping  will  have  to  be  repeated. 
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The  lattltmtlOB  as  a  bo4lj  is  not  rsaponslble  for  tli«  ■t«t«m«nts  made 
•r  opmioiifl  •xpr«SB«d  in  any  of  its  pnblloationo. 


AUTHOKS'  EEPLY  TO  DISCUSSION* 

ON 

The  Jilineralogy  of  Two  Oobalt  Oociurences 

in  British  Oolmnbia. 

By  H.  V.  Warren,  Associate^  and  R.  M.  Thompson. 
With  Appendix  by  F.  A.  Forward  and  A.  B.  Lylb. 

Professor  H.  V.  Warren :  In  reply  to  Dr.  S.  W.  Smith's 
comments  it  need  only  be  said  that  the  cobalt  concentrates  referred 
to  on  p.  7  of  the  paper  were  from  Hedley  and  the  cobalt  analysis 
given  on  p.  10  from  the  Little  Gem  Prospect.  A  similar  answer 
may  be  made  to  Mr.  E.  J.  Pryor.  The  run  of  mine  ore  to  which 
Mr.  Pryor  makes  reference  came  from  Hedley,  whereas  the  analyses 
given  in  Table  II  came  from  Little  Gem  samples.  Mr.  Pryor  quite 
correctly  drew  attention  to'  the  high  assay  given  in  the  Appendix 
for  the  Kelowna  concentrate — namely,  088  per  cent  eobalt.  It 
is  now  known  that  these  concentrates  ran  much  higher  than  average 
grade ;  the  reason  for  this  has  yet  to  be  explained.  ■ 

The  authors  regret  deeply,  as  did  one  contributor,  the  absence 
of  stope  assays  of  cobalt.  However,  it  is  only  fair  to  state  that, 
the  cobalt  being  unwanted,  for  the  time  at  any  rate,  it  was  only 
natural  that  in  view  of  rising  costs  and  labour  shortages  the  com- 
pany should  attempt  to  cut  out  every  avoidable  expense. 

The  authors  are  deeply  appreciative  of  the  points  brought 
forward  in  the  discussion,  and  especially  to  Professor  W.  R.  Jones 
for  his  introduction. 

Professor  P.  A.  Forward  and  Mr.  A.  G.  Lyle :    The 

authors  of  the  Appendix  join  in  expressing  their  warm  appreciation 
of  the  thoughtful  discussion  contributed  by  the  members  present 
and  by  those  who  added  written  comment.  In  replying,  it  should 
be  pointed  out  that  the  Appendix  represents  only  a  very  much 
abbreviated  account  of  a  series  of  investigations  and  that,  as  the 
account  was  intended  to  suggest  a  possible  economic  use  of  the 
cobaltiferous  ores  described  in  the  paper,  no  attempt  was  made  to 
describe  the  details  of  the  cobalt  extraction  scheme.  The  Appendix 
deals  only  with  Kelowna  Exploration  concentrate  and  does  not 
apply  to  the  treatment  of  Little  Gem  ore. 

*BulI.  471,  March,  1945. 
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The  chief  matter  of  concern  to  those  who  took  part  in  the  dis- 
cussion was  the  possible  difficulty  which  would  be  enodbntered  in 
conducting  the  '  interrupted '  roast  on  a  commercial  scale. 
During  the  course  of  the  investigation  much  thought  was  given  to 
this  phase  of  the  problem  and,  in  consultation  with  manufacturers 
of  roasting  equipment,  it  was  generally  agreed  that  the  double 
roast  could  be  carried  out  in  a  single  roaster  of  the  '  Edwards  * 
or  *  flat-hearth  '  type.  A  similar  operation  has  been  performed 
in  a  plant  treating  tin  sulphide  ores  using  three  stages  of  roasting. 
It  is  simply  necessary  to  instal  a  baffle  wall  at  a  suitable  distance 
from  the  feed  end  of  the  roaster,  heat  the  chamber  so  provided  to 
a  temperature  of  800^0.  and  withdraw  the  hot  products  of  com- 
bustion which  would  carry  the  arsenic  oxide  (possibly  also  arsenic 
vapour)  that  distills  so  readily  from  arsenopyrite.  We  proposed 
having  the  next-hearth-in-line  at  a  slightly  lower  level  than  the 
hearth  of  the  first  chamber,  in  order  that  the  high-sulphur  low- 
aKsenic  calcine  could  feed  by  gravity  under  the  baffle  wall.  The 
second  hearth  would  consist  of  water-cooled  plates  instead  of 
bricks  and  would,  in  turn,  be  isolated  from  the  third  section 
(solphating)  by  a  baffle  wall.  T)ie  hearth  of  the  third  section  was 
to  be  slightly  lower  than  the  second  to  permit  cpoled  calcine  to 
flow  under  the  wall  to  this  hearth.  Air  admitted  to  the  third 
section  was  to  be  carefully  controlled  and,  at  the  discharge  end, 
some  heat  was  to  be  applied  to  effect  decomposition  of  the  small 
amount  of  ferric  sulphate  that  had  formed. 

In  brief,  the  roaster  would  be  an  Edwards-type  machine  divided 
into  three  sections  by  baffle  walls,  with  the  hearths  of  the  second 
and  third  sections  stepped  below  the  level  of  the  first  and  second 
respectively,  the  second  hearth  consisting  of  water-cooled  plates 
instead  of  bricks.  It  is  not  necessary  to  use  a  muffle  as  suggested 
by  Dr.  Levy,  though,  by  using  a  muffle,  it  is  possible  to  recover 
the  arsenic  as  As  vapour  instead  of  as  As^O^ — a  scheme  which 
has  much  to  recommend  it. 

The  decomposition  of  the  arsenopyrite  by  distillation  is  easily 
effected,  without  removing  much  of  the  sulphur.  The  analysis 
of  the  low- As  calcine  was  as  follows :  Gold,  1*77  oz./ton ;  cobalt, 
1*49  per  cent ;  arsenic,  0-6  per  cent,  and  sulphur,  21*0  per  cent. 
This  material  is  very  soft,  porous,  and  magnetic,  resembling 
pyrrhotite. 

The  sulphating  roast  temperature  can  be  readily  controlled — 
ver}^  little  air  need  be  admitted — the  less  the  better  as  long  as 
there  is  sufficient  to  effect  oxidation  of  the  sulphur  and  iron.     A 
high  SO2  content  of  the  gases  over  the  roasting  material  should  be 
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readily  maintained.  The  extraordinarily  large  surface  area  pre- 
sented by  the  porous  *  pyrrhotite '  permits  efficient  use  of  oxygen 
in  the  air  at  the  low  temperatures  conducive  to  SO^  formation. 
The  oxidation  is  highly  exothermic,  but  the  rate  of  reaction  can 
be  controlled  by  providing  conditions — such  as  high  SO^  in  the 
gases  over  the  hearth — that  tend  to  establish  a  desirable  equilibrium 
and  retard  the  burning  rate.  The  large  surface  area  of  the  porous 
burning  material  assures  that  the  furnace  will  not  *  go  out '  if  it 
is  operated  below  600°C.  Ferrites  would  form  at  higher  temperatures 
but  there  is  no  reason  to  expect  that  temperatures  of  the  order  of 
800''C.  need  be  encountered  in  the  sulphating  stage.  Most  of  the 
ferrous  and  ferric  sulphate  formed  can  be  decomposed  by  heating 
the  discharge  end  of  the  sulphating  chamber  to  about  650^0. — 
well  below  the  decomposition  temperature  of  cobaltous  sulphate 
(about  725-750''C.) 

Cobalt  was  recovered  from  the  leach  solutions  by  the  following 
procedure : — 

(1)  Precipitate  the  ferric  iron  with  calcium  carbonate  (ferrous 
sulphate  is  difficult  to  oxidize  on  a  practical  scale,  but  consideration 
was  given  to  both  the  SO^  method  and  electrolytic  oxidation). 

(2)  Precipitate  copper  by  controlled  addition  of  sodium  carbonate. 
(8)  Precipitate  cobalt  by  addition  of  sodium  carbonate  to  the 

copper-free  solution. 

The  authors  appreciate  especially  the  suggestions  offered  by 
Mr.  K.  John  Lemmon  with  respect  to  the  leaching  procedure. 
Unfortunately  there  has  been  no  opportunity  to  test  these  proposals 
in  the  laboratory  during  recent  months,  but  it  might  be  observed 
that  in  no  instance  after  water  or  acid  leach  was  any  undue  con- 
sumption of  cyanide  observed.  Apparently  the  cobalt  salts  present 
which  are  insoluble  in  the  leach  solutions  are  also  insoluble  in 
cyanide  solutions.  The  use  of  1  per  cent  acid  increased  the  Co 
extraction,  but  also  increased  the  soluble  iron.  Consequently, 
sodium  sulphate  (or  bisulphate)  was  used  in  some  tests  to  increase 
the  water-soluble  Co  without  causing  a  parallel  increase  in  Fe 
solubility.  We  have  not  tried  the  precipitation  of  cuprous  oxy- 
chloride  as  suggested  and  are  not  prepared  to  venture  an  opinion 
on  the  feasibility  of  this  proposal. 

In  conclusion  the  authors  wish  to  thank  all  those  who  have  been 
kind  enough  to  discuss  the  Appendix  and  would  welcome  further 
suggestions  should  they  occur  to  any  of  those  who  read  the  paper 
or  the  ensuing  discussion. 
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Billingham  Mine. 
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An  Experimental  Investigation  of  the  Effects  of  High  Tem- 
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NOTICE  OF  GENERAL  BiIEETING. 

The  SECOND  ORDINARY  GENERAL  MEETING  of  the  Fifty-sixth 
[Session  of  the  Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind 
permission,  in  the  Apartments  of  the  Geological  Society,  Burlington  House, 
Piccadilly,  London,  W.l,  on  THURSDAY,  OCTOBER  17th,  1946,  at 
5  o'clock  p.m. 

The  following  Papers  will  be  submitted  for  discussion  : 
Anglo -American  Magnesium  Production. 
By  P.  L.  Teed,  Member. 
{Published  with  July,  1946,  Bulletin.) 

An  Experimental  Investigation  of  the  Effects  of  High  Tem- 
,peratures  on  the  Efficiency  of  Workers  in  Deep  Mines. 

By   Anthony   Caplan,   M.D.,   M.R.C.P.,   and   J.    K.    Lindsay, 
Mcmher. 

(Copy  attached  hereto.) 

Light  rofreshments  will  be  provided  at  4.15  p.m.  for  members  and  friends 
attending  the  Meeting. 


The  Council  invite  written  contributions  to  the  discussion  of  Papers 
from  members  who  may  be  unable  to  be  present  at  the  ^leetings  of  the 
Institution.  The  Council  reserve  the  right  to  edit  and  condense  such 
contributions. 

The  Council  desire  to  remind  members  that  in  addition  to  the  more 
comprehensive  types  of  papers  for  discussion  at  General  Meetings,  they 
welcome  for  publication  in  the  Bulletin  short  notes  recording  data  or 
describing  technical  experience,  which  may  be  of  general  interest  and 
value.  Such  notes  Bxe  governed  by  the  same  rules  in  regard  to  acceptance 
as  ordinary  papers,  but  would  be  open  for  discussion  by  correspondence. 


FIFTY-SIXTH  SESSION  :    1946-1947. 
DATES  OF  SUBSEQUENT  MEETINGS. 

The  following  dates  have  been  provisionally  fixed  for  subsequent  General 
Meetings  of  the  Institution  during  the  Session  1946-47  : 

Thursday,  November  21st,  1946.  Thursday,  March  20th,  1947. 
December  19th,  1946.  „  April  17th,  1947. 

January  16th,  1947  „  May  loth,  1947. 

February  20th,  1947. 


j» 


VISIT   TO   BILLINGHAM. 

As  announced  in  the  July  Bulletin,  arrangomenta  have  been  me^le  for 
a  small  number  of  members  of  the  Institution  to  visit  the  Billingham 
anhydrite  mine,  sulphuric  acid  plant  and  sulphate  plant  of  Imperial  Chemi- 
cal Industries,  Ltd.,  on  Wednesday,  September  25th.  The  accommodation 
reserved  is  not  quite  fully  booked  up,  and  members  are  invited  to  write 
to  the  Secretary  immediately  if  they  wish  to  join  the  party. 
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NUFFIELD  FOUNDATION  FELLOWSHIPS  AND  SCHOLARSHIPS 
FOR  THE  ADVANCEMENT  OF  EXTRACTION  METALLURGY. 

The  Nuffield  Foundation  is  prepared,  for  a  period  of  five  years,  to  awaid 
a  number  of  fellowships  and  scholarships  with  the  object  of  advancing 
research  and  training  in  extraction  metallurgy.  The  awards  will  be  as 
follows ; — 

(a)  Travelling  Fellowthipa, — Five  Travelling  Fellowships  will  be  offered 
in  each  year  for  members  of  the  teaching  staff  of  universities  and  approved 
schools  of  mines  and  metallurgy  in  Great  Britain  and  other  parts  of  the 
British  Commonwealth  and  EZmpire,  to  enable  them  to  visit  important 
mining  and  metallurgical  centres  in  the  long  vacation,  and  to  assist  them 
in  evolving  improved  teaching  methods.  ThQ  value  of  a  Fellowship  will 
be  up  to  £500.  This  sum  includes  travelling  expenses.  The  tenure  of  the 
Fellowship  will  be  for  approximately  three  months.  Both  the  amount 
and  the  tenure  of  the  Fellowship  awcu*d  will  be  determined,  according  to 
individual  needs,  by  the  Nuffield  Foundation  in  consultation  with  the 
Institution  of  Mining  and  Metallurgy. 

(6)  Travelling  PoH-Oraduate  Scliolarsh  ipa. — Five  Travelling  Post-Oraduate 
Scholarships  will  be  offered  in  each  year  for  junior  members  of  the  profession 
who  Bxe  graduates  of  universities  and  approved  schools  of  mines  and 
metallurgy  in  Great  Britain  and  other  parts  of  the  British  Commonwealth 
and  Empire,  and  who  have  specialised  in  extraction  metallurgy.  Candidates 
will  be  selected  not  ne(*essarily  on  account  of  their  order  of  merit  in  examina- 
t-ions,  but  having  regaard  also  to  their  personality  and  general  suitability. 
The  value  of  a  scholarship  will  be  up  to  £500,  to  be  spread  over  the  period 
of  8p>ecial  training,  which  should  not  normally  exceed  six  months.  The 
sum  of  £500  includes  travelling  expenses. 

(c)  Vacation  Scholarships. — Ten  Vacation  Scholarships  for  mining  €md 
metallurgical  students  at  universities  and  approved  schools  of  mines  and 
metallurgy  in  Great  Britain  and  other  parts  of  the  Britisli  Coininon wealth 
and  Empire  will  be  offered  in  each  year  to  enable  such  students  to  travel, 
by  air  to  important  mining  eind  metallurgical  centres  for  vacation  work. 
The  value  of  a  Vacation  Scholarship  will  be  up  to  t200,  tf)  cover  the  cost 
of  air  transport  from  the  students*  homes  to  the  mines,  mills,  or  smelters 
in  the  count r\'  of  studv,  and  return  to  their  homes. 

All  Fellowships  an<l  S(rholarship8  mentioned  above  will  be  awarded  by 
the  Xutficld  Fomidation  in  consultation  with  the  Institution.  Applications 
must  be  received  by  the  Xufheld  Foundation  by  Ist  November  of  the  year 
preceiling  the  year  in  which  the  applicant  is  desirous  of  obtaining  an  award. 
For  example,  for  Fellowships  and  Scholai*ships  to  be  granted  for  1947, 
applications  should  be  received  by  the  Nuffield  Foundatioti  by  let  November, 
1946. 

Full  particulars  and  forms  of  application  for  tlicse  Fellowships  and 
Scholarsliips  are  obtainable  from  the  Secretary'  of  the  Nuftielfl  Foundation, 
12-13,  Mecklenburgh  Squai-e,  London,  W.C.I,  to  whoin  they  should  bo 
returned  when  completed.  When  applying  to  the  Nufliekl  Foundation  for 
application  fonns,  candidates  must  .state  clearly  wiiother  they  are  desirous 
of  being  awarded  a  Travelling  Fellowship,  Travelling  Post-Graduate 
Scholar}<hip,  or  Vacation  Scliolarsliip.  The  ie(|uisito  application  form — 
thev  rliffer  in  all  thi-ee  cases — will  tlien  be  sent  to  tlio  candidate. 
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THE  GEOLOGY  AND  MINERAL  RESOURCES  OF  BRITISH  GUIANA. 

The  fourth  lectiire  in  the  series  *  Recent  Progress  in  Geological  Investiga- 
tion and  Mineral  Developments  in  the  Colonies  \  arranged  by  the  Mineral 
Resources  Department  of  the  Imperial  Institute,  will  be  given  on  Thursday, 
September  26th,  at  3  p.m.  in  the  Cinema  Hall  of  the  Imperial  Institute, 
South  Kensington,  S.W.7  (East  Entrance),  for  which  no  tickets  of  admission 
will  be  required.  Mr.  S.  Bracewell,  B.Sc.,  A.R.C.S.,  D.I.C.,  Director  of 
the  Geological  Survey  of  British  Guiana,  will  lecture  on  '  The  Geology 
and  Mineral  Resources  of  British  Guiana  *,  and  the  Chair  will  be  taken  by 
Sir  Frank  Stockdale,  G.C.M.G.,  C.B.E. 


BALLOTING  LIST  FOR  ELECTION  OF  MEMBERS  OF  COUNCIL. 

The  Council  wish  to  draw  the  attention  of  Members  and  Associates  to 
Section  IV,  clause  6,  of  the  By-Laws,  which  contains  the  following  pro- 
vision :  *  The  Council  shall  receive  the  name  of  any  Member  or  Members, 
submitted  in  writing  by  any  Member  or  Associate  previous  to  November 
1st  in  any  year,  and  shall  decide  by  ballot  upon  the  inclusion  thereof,  or 
otherwise,  in  the  balloting  list '.         . 

Any  Member  or  Associate  who  wishes  to  suggest  a  name  for  inclusion 
in  the  balloting  list  for  the  election  of  Members  of  Council  for  the  Session 
1947-48  is  requested  to  notify  the  Secretary  of  the  Institution  before 
November  1st,  1946. 


CANDIDATES  FOR  ADMISSION. 

The  Council  welcome  communications  to  assist  them  in  deciding  whether  the 
qualifications  of  Candidates  for  Admission  into  the  Institution  fulfil  the  require^ 
ments  of  the  By-Laws. 

The  Application  Forms  of  Candidates  for  Membership  or  Associateship  will  be 
open  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  two 
months  from  the  date  of  the  Bulletin  in  which  their  applications  are  announced. 

The  following  have  applied  for  transfer  since  July  11th,  1946  : — 

To  Membership — 

Dumbleton,  Norris  Aylifif  {Oatooma,  Sotitheni  Rhodesia). 
Truscott,  Percy  Hugh  {Kitwe^  Northern  Ehodetria). 
Yeo,  Leonard  {Pontychm,  Qlamorfjnnnhire). 

To  Associateship — 

Batty,  Ralph  Frank  {Hove,  Sussex), 

Bennetts,  Thomas  William  {Bukuru,  Northern  Nigeria). 

Dickson,  Alostair  FrancLs  {Grootfontein,  South  West  Africa). 

Dudnian,  Ian  Stanley  ( Van  Ryti,  Transvaal). 

Marsh,  Alan  {fQatooina,  Southern  Rhodesia). 

Parish,  Godfrey  Woodbine  (London). 

The  following  have  applied  for  admission  into  the  Institution  siiice  July 
11th,  1946  :— 

To  Membership — 

Talbot,  Geoffrey  VV'illiain  {Buxton,  Derbyshire). 
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NEWS  OP  MEBfiBBRS-^anMnued. 

Mr.  H.  N.  B.  DovEB,  Studmii^  having  been  danobilmd,  ha*  rained  iha 
staff  of  Aonm  Oil  Co.,  Ltd. 

Dr.  K.  C.  Dunham,  Jf  em6er,  has  received  the  honocaxy  degree  of  Doctor 
of  ScieDce  of  the  University  of  Doiham. 

Mr.  P.  P.  Edwabds,  iissooiofs,  is  retoniizig  to  Eki^and  from  India. 

Mr.  A.  Faxbtax-Scott,  Associate,  has  returned  to  England  from  Nigeria. 

Mr.  E.  A.  FiSHBB,  AMOciaie,  has  returned  to  Malaya  and  has  resumed 
employment  with  The  Eastern  Smelting  Co.,  Ltd.,  Penang»  as  assistant 
works  manager. 

Mr.  F.  H.  FrrcK,  Student,  has  left  for  Perak  after  furlough  in  £Ingland» 
to  rejoin  the  Geological  Survey,  Malasra. 

Mr.  J.  H.  Fbekch,  Jbf eni6ir,  has  left  the  Ghiinea  Fowl  Mines  Training 
Camp  to  take  charge  of  all  milling  operations  on  the  Connemara  mine» 
Southern  Rhodesia. 

Mr.  H.  F.  C.  Grebnwood,  AsaocuUe,  has  retiuned  to  Malaya  to  resume  his 
consulting  engineering  practice  at  Ipoh. 

Mr.  C.  E.  Gkbooby,  Afefii6er,  has  been  demobilized  from  the  Australian 
Imperial  Force  and  has  accepted  the.  post  of  general  manager  to  the  Ade- 
laide Gbsmical  and  Fertilisstf  Go.,  Ltd., 

Mr.  S.  V.  Gbifiith,  Member,  has  left  the  Gold  Coast  for  T^geria. 

Mr.  Alan  C.  Haxbison,  Member,  has  returned  to  the  Burma  Corporation^ 
Ltd.,  Namtu,  from  England. 

Major  G.  F.  Hatch,  Associate^  has  recently  been  demobilized  from  the 
army  and  has  joined  Selection  Trust,  Ltd.  (This  note  is  in  amendment  of 
that  published  in  the  previous  issue.) 

Mr.  G.  L.  Hatheblt,  Stttdent,  has  left  England  to  take  up  duties  with 
New  Consolidated  Gold  Fields,  Ltd.,  Johannesburg. 

Mr.  J.  Hays,  Student,  has  left  England  to  join  the  stctfT  of  the  Rhokana 
Corporation,  Ltd. 

Mr.  J.  F.  G.  R.  Hbywood,  Member,  formerly  manager  of  Consolidated 
Main  Reef  mine,  is  now  general  manager  of  Crown  Mines. 

Dr.  G.  V.  HoBSOK,  Member,  is  now  Assistant  Director  of  Opencast  Coal 
Production,  Ministry  of  Fuel  and  Power,  in  charge  of  the  development 
section. 

Mr.  J.  G.  HoRNE,  AssocicUe,  has  arrived  in  England  on  leave  from  Nigeria. 

Mr.  A.  HuDDLBSTON,  Aaeociate,  has  been  transferred  from  the  Gold 
Coast  Geological  Survey  to  the  Mining  and  Geological  Department,  Kenya» 
as  geologist. 

Mr.  J.  H.  Jackson,  Associate,  has  been  demobilized  on  his  return  from 
Palestine. 

Mr.  H.  E.  Jbffbry,  Aeeociaie,  is  home  on  leave  from  the  Kolar  Gold 
Fields  and  will  be  returning  to  India  towards  the  end  of  the  year. 

Mr.  M.  C.  Kain,  Aesoeiate,  has  returned  to  Thai  Tin  Syndicate,  Ltd.» 
Penang,  from  New  Zealand. 
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NEWS  OF  MEMBERS— ooiKtmied. 

Mr.  C.  S.  Knsebone,  Member,  has  left  South  Australia  and  returned  to 
Malaya. 

Mr.  J.  V.  Lake,  Member,  has  resigned  his  post  as  general  manager  of  Al 
Consolidated  Gold,  N.L.,  but  remains  as  consulting  engineer  to  the  company. 

Mr.  R.  Landcastle,  Student,  has  been  demobilized  and  is  leaving  England 
for  Tanganyika  Territory  on  his  appointment  as  an  inspector  of  mines. 

Mr.  H.  N.  LiGHTBODY,  Aswciale,  has  been  appointed  manager  to  the 
Rhodesian  Iron  and  Steel  Commission's  iron  and  limestone  mines  at  Que 
Que. 

Mr.  J.  K.  Lindsay,  Member,  is  in  Scotland  on  leave  from  India. 

Mr.  W.  H.  J.  Luck,  Student,  has  been  demobilized  from  the  Xavy  and 
has  now  completed  a  refresher  course  at  Camborne  School  of  Mines. 

Mr.  D.  H.  McCall,  Associate,  is  now  in  Scotland  on  leave  from  the 
Kolar  Gold  Field. 

Mr.  J,  B.  Mackis,  Associate,  has  been  appointed  technical  adviser  to 
the  Chinese  Tin  Mines  Loans  Conmiittee,  Malaya,  for  the  rehabilitation 
of  the  Chinese  mining  industry. 

Mr.  G.  C.  MoBOAN,  Associate,  has  left  England  for  West  Africa. 

Mr.  £.  N.  G.  MoBBis,  Associate,  is  returning  from  Frontino  gold  mines 
and  expects  to  arrive  in  England  before  the  end  of  the  year. 

Mr.  P.  A.  NiCHOLi^B,  Student,  has  been  discharged  from  the  Royal  Austra- 
lian Engineers,  A.I.F.,  and  has  been  appointed  surveyor  to  Hill  50  Grold 
Mine,  N.L.,  Western  Australia. 

Mr.  T.  V.  0*Hare,  Associate,  has  left  England  on  his  return  to  Thai 
Tin  Syndicate,  Ltd.,  Renong. 

Mr.  G.  E.  Osborne,  Student,  has  left  England  to  join  the  staff  of  Pahang 
Consolidate  Co.,  Ltd. 

Mr.  D.  de  V.  Oxford,  Associate,  has  left  the  Roan  Antelope  copper  mines 
to  take  up  an  appointment  as  assistcuit  consulting  engineer  to  Fcdcon 
Mines,  Ltd.,  Bulawayo. 

Mr.  A.  M.  PiLTER,  Associate,  has  returned  to  Malaya. 

Mr.  G.  H.  PiNFiELD,  Associate,  has  been  demobilized  and  has  joined  the 
staff  of  Imperial  Chemical  Industries,  Ltd. 

Mr.  R.  S.  H.  Richards,  Member,  has  arrived  in  England  on  two  months* 
leave  from  Portugal. 

Mr.  F.  L.  RiCKARD,  Associate,  has  been  demobilized  from  H.  M.  Forces. 

Mr.  J.  E.  RoBSON,  Associate,  has  arrived  in  England  on  leave  from  the 
Gold  Coast. 

Mr.  J.  V.  RoNALDSON,  Associate,  has  been  appointed  a-ssistant  controller 
(metallurgy)  to  the  Control  Conunission,  Gemumy. 

Mr.  G.  A.  ScHNEiXBiANN,  Associate,  has  joined  the  staff  of  Millom  & 
Askam  Hematite  Iron  Co.,  Ltd.,  as  geologist. 

Mr.  R.  H.  Skelton,  Member,  has  returned  to  England  from  Western 
Australia. 

Mr.  A.  Sloss,  Associate,  has  left  England  to  take  up  the  appointment  of 
superintendent  of  mines,  Cyprus  Asbestos  Co.,  Ltd. 
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Mr.  W.  L.  Stewart,  Member,  for  five  years  mining  engineer  and  repre- 
sentative of  the  Iron  and  Steel  Control  (Home  Ore  Department)  in  the 
N.W.  District,  has  returned  to  Spain. 

Mr.  £.  H.  TAYiiOR,  Aasoeiaie,  has  been  demobilized  and  is  now  at  Qopeng, 
Mala3ra. 

Mr.  D.  A.  Temple,  Student,  has  resigned  his  position  as  works  metallurgist 
at  Airspeed,  Ltd.,  Portsmouth,  in  order  to  undertcdce  research  work  under 
Professor  Wesley  Austin  at  Oeunbridge  University. 

Mr.  R.  C.  Vivian,  Student,  has  left  Tanganyika  to  join  the  staff  of  Nchanga 
Consolidated  Copper  Bfines,  Ltd. 

Mr.  H.  B.  Watbok,  Aeeociate,  has  received  an  appointment  with  United 
British  Oilfields  of  Trinidad,  Ltd.  and  has  left  England. 

Mr.  F.  H.  Way,  Associate,  has  left  England  on  his  return  to  Malaya. 

Mr.  T.  A.  Wellsted,  Associate,  is  at  present  in  England  from  India. 

Mr.  G.  Benn  White,  Member,  is  leaving  India  shortly  on  retirement. 

Mr.  G.  A.  Whitwobth,  O.B.E.,  Member,  has  recently  been  appointed 
Principal  of  the  School  of  Metalliferous  Mining  (Cornwall),  which  position 
he  has  filled  since  the  death  in  1941  of  the  late  Mr.  H.  Standish  Ball. 

Mr.  W.  R.  Williams,  Associate,  has  accepted  the  post  of  geologist  with 
the  Government  of  Iraq,  and  expects  to  leave  soon  for  Baghdad. 

Mr.  L.  S.  Wilson,  Student,  has  joined  the  London  Engineering  Department 
of  Selection  Trust,  Ltd. 

Mr.  L.  Wilton,  Student,  has  arrived  in  South  America  to  join  the  staff 
of  Frontino  Gold  Mines,  Ltd. 

Mr.  R.  B.  WoAKES,  M.C.,  Member,  has  left  England  on  a  short  professional 
visit  to  Cyprus. 

Mr.  W.  G.  Woolston,  Associate,  has  returned  to  England  from  India. 

Mr.  F.  O.  Wbight,  Associate,  has  left  England  to  join  the  staff  of  Sierra 
Leone  Chrome  Mines,  Ltd. 


INFORMATION  REQUIRED. 

The  Secretary  would  be  glad  to  receive  news  of  the  following  Members, 
Associates  and  Students  from  whom  no  communications  have  reached  the 
Institution  for  several  years  : 

A, — Reported  as  having  been  prisoners  of  uxir  or  internees, 
Germany  :  Lt.  the  Hon.  D.  C.  Feilding,  K.E.,  Student ;  Lt.  R.  H.  S*  Haydon, 

R.E.,  Associate, 

Java  :  M.  C.  FitzHerbert,  R.A.F.,  Student, 

SiAM  :  L/Cpl.  W.  L.  H.  Morrison,  F.M.S.V.F.,  Associate. 

B. — Members  whose  last  address  was  in  an  enemy  or 
enemy -occupied  country. 

Beloit'M  :  J.  G.  J.  Parfondrv,  AssocitUe, 

Burma  :  G.  L.  Loonba,  Stwlent ;  G.  C.  J.  Rotter,  Student, 

CuAXSEL  Islands  :  K.  B.  D.  Jackson,  Student;  C.  P.  Joumeaux,  iSViMifn^ 
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China  :  K.  Y.  Kwang,  Member. 

Dkxmabk  :  R.  Underwood  Jarvis,  Member. 

Gericany  :  P.  Trotzig,  Member. 

Holland  :  M.  A.  Provily,  Student. 

Italy  :  A.  Lheraud,  Associate  ;  F.  J.  Wydler-Hollis,  AssockUe.  , 

Japan  :  H.  Hunter,  AssocicUe. 

Korea  :  K.  I.  Yun,  Member. 

Malaya  :  W.  J.  D.  Kloezeman,  Associate ;  J.  Thomson,  Student ;  A.  T, 
Wood,  Student. 

Manchuria  :  B.  J.  Bryner,  Associate. 

Netherlands  Kast  Indies  :  N.  J.  Kuiper,  Associate ;  A.  B.  M.  Meyer, 
Student. 

Philippine  Islands  :  M.  M.  Aycardo,  Jr.,  Student ;  F.  Garrido,  Metnber ; 
A.  B.  Rowe,  Associate  ;  A.  Wellhaven,  Member. 

SiAM  :  A.  Buranafiiri,  Student ;  A.  L.  Fredericks,  Associate  ;  R.  M.  Hannah, 
Student ;  C.  C.  W.  Liddelow,  Member  ;  P.  Sukhum,  Associate. 


ADDRESSES  WANTED. 

E.  A.  Bcuining.  L.  W.  Elsum.  A.  McCall. 

J.  S.  Bums.  A.  W.  Eyre.  E.  I.  Robinson. 


OBITUARY. 

Sergeant  Alexander  John  Bell,  F.M.S.V.F.,  is  reported  by  one  of  his 
fellow -prisoners  to  have  been  shot  by  the  Japemese  after  an  attempt  to 
escape  from  one  of  the  railroad  camps.  He  would  then  have  been  about  30 
years  of  age.  Ho  was  a  student  at  Ballarat  School  of  Minos  and  Industries, 
Victoria,  Australia,  from  1929  to  1932,  and  was  granted  the  Diploma  and 
admitted  an  Associate  of  the  School  in  1934.  For  the  first  3  months  of 
1933  he  worked  as  cyanide  shiftman  at  the  Golden  Ridges  cyanide  plant 
of  New  Guinea  Groldfields,  Ltd.,  subsequently  holding  the  position  of 
chief  assayer  until  December,  1935.  After  two  months  at  Edie  Creek  Gold 
Mining  Co.,  N.L.,  Mr.  Bell  transferred  first  to  the  Edie  Creek  assay  office 
of  New  Guinea  Goldfields,  Ltd.,  and  later  to  their  mill  and  cyanide  plant. 
At  the  end  of  1936  he  took  up  the  appointment  of  metallurgist  in  charge 
of  Edie  mine  pilot  mill  and  plant  under  Enterprise  of  New  Guinea  Gold  and 
Petroleum  Development,  N.L.,  in  whose  service  he  remained  until  1939, 
when  he  left  New  Guinea  and  joined  the  stctfT  of  Raub  Australian  Gold 
Mining  Co.,  Ltd.,  Pahang,  Malaya. 

It  is  known  that  he  was  a  sergeant  in  the  F.M.S.V.F.  and  apart  from  a 
report  of  his  imprisonment  at  Moulmein  camp,  Burma,  nothing  had  been 
heard  of  him  until  the  news  of  his  death.  It  is  understood  that  he  left  the 
prisoner-o^war  camp  to  contact  some  natives  who  had  promised  to  guide 
a  party  to  the  border,  but  on  finding  that  they  intended  to  sell  the  party 
to  the  Japanese  he  endeavoured  to  retmn  to  camp  to  warn  his  friends  but 
was  captured  by  a  Jap>anese  sentry.  He  is  reported  to  have  been  shot  when 
he  reftised  to  reveal  his  associates.  He  was  elected  to  Associateehip  of  the 
Institution  in  1939. 


]£      THB  Tsmrunos  or  imniiG  ahd  iotaliatbgt. 


SverreBlekumdiediii  1943attheageof  57.  He  was  a  Norwegimn  and 
studied  mining  at  the  University  of  Chriatiania  from  1907  to  1912.  He 
began  his  oareor  as  assistant  chemist  with  Professor  Tarup,  and  in  1914 
went  as  geologist  to  the  Spitsbergen  Coal  and  Trading  Co.'s  mines  at 
Advent  Bay,  Spitsbergen,  for  six  months.  He  held  the  position  of  chemist 
at  Knaben  mines  for  fifteen  months  from  1915  to  1916  and  was  subsequently 
iqppointed  manager  of  Omehommen  molybdenite  mines,  Flekkefjord.  He 
iq)eoialized  in  the  mining  and  flotation  of  molybdenite  and  from  1918  until 
his  death  was  manager  and  technical  director  of  A/S  Knaben  Molybdm- 
gruber,  Norway.  He  was  elected  to  Associateehip  of  the  Institution  in 
1918. 

Sergeant  Alexander  Bums,  F.M.S.V.F.,  is  reported  to  have  died 
in  1943  of  sickness,  probaUy  cholera,  while  a  prisoner  of  war,  shortly  after 
being  sent  to  the  Japeuiese  rail  road  in  Siam.  He  was  29  years  of  age. 
When  elected  to  Studentship  of  the  Institution  in  1939  he  was  in  the 
fourth  year  of  his  course  at  the  Otago  University  School  of  Mines,  and 
early  in  1940  he  joined  the  stalf  of  Raub  Australian  Gold  Mining  Co., 
Ltd.,  at  Raub,  Pahang,  where  he  attained  the  position  of  mill  manager. 
Ko  news  of  him  had  been  received  after  l^e  Japanese  occupation  of  Malaya, 
and  it  has  since  been  learned  that  he  was  captured  at  the  fall  of  Singapore. 

George  Ernest  Collins  died  at  the  age  of  76  in  hospital  in  Ouray, 
Colorado,  on  May  4th,  1946,  of  injuries  received  two  days  earlier  when  the 
mine  bus  in  which  he  was  returning  from  inBp>ecting  a  mine  of  the  American 
Smelting  and  Refining  Co.  loft  the  highway  and  plunged  down  a  steep 
boulder-strewn  slope.  He  was  bom  in  Truro.  Cornwall,  and  studied  the 
profession  under  his  father,  the  late  Mr.  J.  H.  Collins,  a  founder -member 
and  past-president  of  the  Institution,  and  was  made  a  partner  in  July, 
1889,  of  the  firm  J.  H.  Collins  &  Son.  His  career  in  America,  the  whole  of 
which  was  centred  on  mining  in  Colorado,  began  in  1895  as  general  assistant 
to  Mr.  A.  L.  Collins  at  Central  City  and  joint  manager  of  the  Central 
Development  Syndicate,  Ltd.  From  1898  to  1900  he  was  manager  of 
Reynolds  and  St.  George  mines  of  The  Gold  Reofs  of  Georgia,  Ltd.,  and 
then  took  charge  of  other  large  mills  and  mines  of  the  Central  Development 
Syndicate.  In  1901  he  was  managing  the  Polar  Steo*  mine,  San  Juan  County, 
Colo.,  a  property  in  which  he  subsequently  acquired  a  controlling  interest. 
Since  1902  he  hcul  maintained  a  practice  as  consulting  mining  engineer  with 
an  office  in  the  Boston  Building,  Denver.  Between  1902  and  1910  he 
managed  various  properties  in  Gilpin  and  Clear  Creek  Counties  ;  in  1909 
be  was  instrumental  in  opening  up  valuable  tungsten  deposits  in  Boulder 
County,  £uid  also  assumed  the  managership  of  the  Argo  tunnel.  Clear 
Creek  County,  which  was  completed  in  1910,  in  which  year  he  also  became 
manager  of  the  Druid  mine,  Gilpin  County,  with  a  controlling  interest.  A 
few  years  later  he  took  up  the  position  of  manager  of  the  Mary  Murphy 
Qoki  Mining  Co.,  at  Romley,  Colo.  This  company  acquired,  in  1917,  the 
Red  Mountain  mines  at  Ouray,  which  had  since  been  worked  continuously 
on  a  small  scale  under  Mr.  CoUins's  management.  He  took  an  active  interest 
in  the  introduction  and  adaptation  of  rock  drills  to  mining  and  the  use  of 
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steel  sets  instead  of  timber.  He  was  also  prominent  in  fostering  early 
developments  of  flotation  and  electro-static  mineral  separation.  Among 
his  writings  are  two  papers  which  he  contributed  to  the  Transactions  of 
the  Institution — '  Vein  structure  at  the  Reynolds  mine,  Qeorgia '  (vol.  9, 
1900-1)  and  '  The  relative  distribution  of  gold  and  silver  values  in  the  ores 
of  Gilpin  Coimty,  Colorado  '  (vol.  12,  1902-3). 

He  was  elected  an  Associate  of  the  Institution  in  1895  and  was  transferred 
to  Membership  in  1900.  He  was  also  a  member  of  the  American  Institute 
of  Mining  and  Metcdlurgical  Engineers  and  member  and  chairman  of  the 
Committee  of  Professional  Conduct  of  the  Mining  and  Metallurgical  Society 
of  America  ;  he  was  cdso  an  ex-president  of  the  Colorado  Scientinc  Society 
4md  £kn  ex-governor  of  the  Colorado  branch  of  the  American  Mining  Congress. 

Hereward  Bosworth  Hall  is  presumed  to  have  died  on  or  about 
February  13th,  1942,  as  a  result  of  enemy  action  during  the  evacuation 
&om  Singapore.  He  was  a  student  at  Armstrong  College,  University  of 
Durham,  from  1919  to  1922,  and  obtained  a  B.Sc.  degree  in  non-ferrous 
metallurgy.  He  was  employed  from  1924  on  general  metallurgical  chemis- 
try', mainly  on  tin  ores,  slags  and  metal,  by  the  Straits  Trading  Co.,  Ltd., 
of  Singapore,  first  as  assistant  chemist  for  four  years,  then  as  chemist  for 
ten  years.  In  1935  he  was  designated  works  chemist  and  a  yeai*  later  was 
appointed  works  assisteuit  to  the  company.  In  1939  Mr.  Hall  returned  to 
Englancf  in  the  position  of  works  manager  to  The  British  Tin  Smelting 
Co.,  Ltd.,  at  Liverpool,  but  rejoined  the  Straits  Trebling  Co.  in  Singapore  in 
1940.  No  news  of  him  having  been  received  since  the  fall  of  Singapore, 
the  Colonial  Office  have  reluctantly  concluded  that  there  c€ui  no  longer  be 
any  hope  of  his  survival. 

Mr.  Hall  was  elected  to  Associateship  of  the  Institution  in  1928. 

George  Allan  More  died  on  June  12th,  1946,  at  Neutral  Bay,  Sydney, 
N.S.W.,  at  the  age  of  67.  He  was  bom  at  Singleton,  N.S.W.,  and  received 
his  training  at  Sydney  University  from  1896  to  1900,  graduating  with  the 
degree  of  B.Eng.  (Min.  and  Met.).  He  began  his  career  at  the  Mt.  Cobalt 
Black  Snake  gold  mine,  Queensland,  and  after  varied  experience  left  to 
join  Overflow  Mines,  N.L.,  N.S.W.,  as  assayer  and  siuveyor.  From  1902 
to  1906  he  was  employed  by  Tasmania  Gold  Mining  and  Quartz  Crushing 
Co.,  Ltd.,  and  for  fifteen  months  in  1906  and  1907  was  managing  the 
Primrose  mine  at  Rosebery,  Tcusmania.  In  the  latter  part  of  1907  he 
acted  as  consulting  engineer  at  the  Colebrook  copper  mine,  and  in  January, 
1908,  was  appointed  manager  of  the  Mt.  Lyell  Comstock  mine.  After  eight 
months  Mr.  More  resigned,  and  carried  out  mine  examinations  in  Australia 
and  New  Zealand,  but  at  the  beginning  of  1909  took  up  the  position  of 
chief  mining  engineer  to  Great  Cobar,  Ltd.,  N.8.W.  He  left  ten  months 
later  to  become  mine  manager  for  North  Mt.  Boppy,  Ltd.,  operating  in 
Hargraves  District,  N.S.W.,  where  his  particular  work  was  to  develop  a 
gold  mining  prospect  for  the  company.  This  property  was  finally  closed 
down  at  the  end  of  1912  and  Mr.  More  resumed  private  examination  and 
reporting.  He  was  appointed  chief  mining  engineer  to  Great  Cobcur,  Ltd., 
in  1915,  but,  pending  re-starting  of  operations,  made  vcJuattouft  Ickx  XSu^ 
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LIST     OF     ADDITIONS     TO     THB     JOOIT     LIBRARY     OP     THE 
INSTITUTION    AND    THE    INSTITUTION    OP    MINING    ENGINEERS. 

The  addrtu  of  the  Library  1$  now  424  SaliMbury  Hmisc* 
London,  E.C.2*  and  books  (excluding  periodicals)  may  be 
borrowed  by  members  on  personal  application  or  by  post. 

Amebic  AS  Bubxatj  op  Mwial  SrATUmoB:  Yba»  Book,  1945.  N.Y. : 
The  Bureau.     1946.     112  p.    {Frwoenied  b^  ihe  Dw€(aor  of  ihe  Bmeou.) 

British  Standards  :  No.  229,  1946.  Flameproof  endoeure  of  electrical 
apparatus.     45  p.     Ss.  Od. 

Canada  :  Psogkkdinos  of  the  Standing  Ck>MiciTTKX  on  Natural 
RssouRGBS  on  the  ECONOMIC  Valxje  OF  Mbtaujfkrous  Mines  is 
Canada.     Ottawa  :  Govt.  Printer.     1946.     202  p. 

Canadian  Institute  of  Mining  and  MbtaiiLurgt  :  Transactions.  Vol. 
48,  1945.     Montreal :  The  Institute.     1946.     794  p. 

Coal  Industry  Nationalisation  Bnx.  (As  amended  in  Committee.) 
London :  H.M.8.0.     1946.     Is. 

Control  of  Impounding  Structures  on  Ore  Deposition,  by  Robert  A. 
Mackay.  Reprinted  from  Ecoiwmie  Oedogy,  Vol.  61,  Jan.~Feb.,  1946. 
33  p.     {Pnmnied  by  the  Auihor.) 

Electrochebucal  Society  :  Transactions.  Vol.  87.  N.Y. :  The 
Society.     1946.     609  p. 

Forest  of  Dean  Coalfieu>.  Regional  Survey  Report,  liinistiy  of 
Fuel  and  Power.     London  :  H.M.S.O.     1946.     58  p.     Is.  3d. 

Geological  Society  of  South  Africa  :  Transactions.  Vol.  48,  Jan.- 
Dec,  1945.     Johannesburg  :  The  Society.     1946.     234  p.     £2  28. 

Gt.  Britain.  Board  of  Trade  :  Report  of  the  Enquiry  on  the  Ball 
Clay  Industry.  W.  R.  Jones,  chairman  of  committee,  London : 
H.M.S.O.     1946.     14  p.     3d. 

Handbook  or  Non-Ferrous  Metallurgy,  2nd  Edn.  Vol.  1. — PuiNa- 
PLES  and  Processes.  D.  M.  Liddell,  ed.-in-chief.  N.Y. : 
McGrawHill.     194.5.     656  p.     398. 

Installation  and  Maintenance  of  Boiler  House  Instrubients. 
Ministry  of  Fuel  euid  Power.  London  :  The  Ministry.  1946.  24  p. 
(Fuel  Efficiency  Bulletin  No.  45.) 

New  Mexico.  Bureau  of  Mines  and  Mineral  Resources  :  Bulletin 
No.  24.  Building  Blocks  from  Natural  Lioht^^'eight  Materials 
OF  New  Mexico,  bv  Donn.  M.  Clippiiiger.  Socorro  :  The  Bureau. 
1946.     40  p. 

Rapid  Survey  of  Coal  Reserves  and  Production  ;  A  First  Appraisal 
of  Rbsuxts.  Ot.  Britain.  Fuel  Research  Board.  London  :  H.M.S.O. 
1946.  23  p.  (Sur\'ey  Paper  No.  58.)  9d.  (Presented  by  the  Director 
of  Fuel  Research.) 

Reports  of  the  British  and  Comrined  Intelligence  Orjectives  Sub- 
Committees  (B.I.O.S.  and  C.I.O.S.),  Field  Information  Agency. 
Technical  (F.I.A.T.),  and  Joint  Intelligence  OnjEcnvES  Agency 
(J.I.O.A.).  Various  reports  have  been  presented  by  the  Department 
of  Scientific  and  Industrial  Research  and  are  listed  mider  the  Index  of 
Recent  Articles. 
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LIST  OF  ADDITIONS  TO  THE  JOINT  LIBRARY— con/tnt4ed. 

Review  op  the  Technical  Problems  of  the  Polish  Coal  Mining 
Industry,  by  G.  A.  Reicher.  1944.  32  p.  (Typescript  pamphlet.) 
{Presented  to  the  Institution  of  Mining  Engineers  by  die  Author.) 

4Some  Unusual  Wolfram  and  Cassiterite  Lodes,  by  O.  A.  Jones. 
Brisbane:  University  of  Queensland.  1941.  6  p.  (Queensland 
University.  Dept.  of  Geology.  Paper  No.  8.)  Is.  (Presented  by 
the  Author.) 

Special  Rules  for  Hjematite  Iron  Ore  Mines.  Metalliferous  Mines 
Regulation  Acts,  1872  and  1875.  1946.  {Presented  by  Lt.  Col.  A. 
HMert,  D.S.O.,  M.C.) 

Tanganyika.  Geological  Division.  Bulletin  No.  15.  Explanation 
OF  the  Geology  of  Degree  Sheet  No.  17  (Kahama),  by  D.  R. 
Grantham,  B.  N.  Temperley,  and  R.  B.  McConnell.  Tanganyika  : 
Geological  Division.  1945.  39  p.  map  (scale  1/250,000).  4s. 
(50  cents).  9 

"Timber  Pests.  London  :  Timber  Development  Association.  1946.  60  p. 
biblio.     {Presented  by  the  Timber  Devuopment  Assodaiion.) 

Timber  Seasoning.  London:  Timber  Development  Association.  1946. 
1 12  p.  biblio.     {Presented  by  the  Timber  Devetopment  Association.) 

Tin,  Tungsten,  and  Molybdenum  Deposits  op  Australia.  An  anno- 
tated bibliography  with  a  discussion  of  the  geology  of  the  deposits  and 
of  problems  connected  with  their  mining,  by  O.  A.  Jones.  Brisbane  : 
Queensland  University.  1943.  49  p.  (Queensland  University.  Dept. 
of  Geology.     Paper  No.  9.)     38.     {Presented  by  the  Autftor.) 
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HSIAOHEITSING.— 

deposit  near  Maokupa. 
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C.  J.  Peiig.-^0ii0.  G§U.  Stuv.  Ckm,  Pel^ei, 
Orancldng,  No.  S»,  April,  194t,  pp.  n-80. 
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SMELTING  —  REDUCTION.  —  Selective 
reduction  of  iron  in  chromite  by  methane- 
hydrogen  and  similar  gas  mixtures.  F.  S. 
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HEAT  RECO\'ERY.— Waste  heat  recovery 
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F,\CE  .\RE.A. — Surface  areas  of  flotation 
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2041)  Min.  Tech.,  N.Y.,  Vol.  10,  July,  1946, 
IS  p.     11.25. 

FLOTATION  —  REAGENTS.  —  Principles 
of  flotation — parafhn  chain  salts  as  flotation 
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and  Britam.  H.  F.  Coward. — Tram.  Instn. 
Mm.  Engrs.,  Lond.,  Vol.  106,  Pt.  5,  Feb., 
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BLASTING  —  EXPLOSIVES  —  H.AZARDS. 
— St-nsitivily  of  explosives  to  initiation  by 
electrostatic  discharges.  F.  W.  Brown, 
D.  J .  Kusler  and  ¥.  C.  Gibson. — U.S.  Bur.  Min. 
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William  J.  Couittr,  Fred  .S.  McNicholas  and 
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Gecuge  W.  Stoae. — Earn.  Gioi.t  Lancaster,  Fz., 
VoL  87,  May,  194S,  pp.  16S-78.     $1. 
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Billingham  Mine. 

By  G.  Eland  Stewabt,  Associate, 

Introduction 

Th£  foUowiiig  brief  description  of  the  Billingham  mine  wa» 
prepared  in  connection  with  a  visit  to  the  mine  by  members  of 
the  Institution. 

The  mining  methods  now  employed  at  Billingham  have  remained 
fundamentally  unchanged  since  the  inception  of  scraper  loading 
in  1981.  Through  the  years  up  to  1989  a  steady  improvement 
in  details  was  maintained,  so  that  the  position  at  the  outbreak  of 
war  was  that  a  satisfactory  output  per  man-shift  underground 
was  being  achieved  and  a  strong  case  could  not  have  been  made 
for  the  heavy  capital  expenditure  necessary  to  re-equip  the  mine 
with  modern  American  stone-mining  machinery. 

The  shortage  of  suitable  labour  and  the  rising  costs  of  production 
now  indicate  the  necessity  for  a  thorough  scheme  of  modernization 
at  Billingham,  but  this  scheme,  when  carried  to  completion,  will 
make  another  and  quite  a  long  story,  erne  not  within  the  scope  of 
the  present  paper. 

Historical 

It  i«  well  known  that  one  of  the  important  sources  of*  German 
strength  in  the  1914  war  was  that  the  first  plant  for  the  manufacture 
of  synthetic  ammonia  (from  which  nitric  acid  for  explosives  can 
be  made)  was  put  into  operation  early  in  1914.  In  view  of  the 
British  command  of  the  sea  our  explosive  industry  could  rely  on 
the  importation  of  nitrate  of  soda  from  Chile  for  this  purpose. 

As  time  went  on  the  Government  became  more  and  more  desirous 
that  the  country  should  be  independent  of  overseas  supplies.  A 
group  of  chemists  was  set  to  work  in  1916  in  University  College, 
London,  and  made  great  progress  with  the  research  and  planning 
of  a  factory.  A  site  was  purchased  at  Billingham,  but,  owing  to 
the  increasing  pressure  on  industrial  facilities  generally,  little 
progress  could  be  made  before  the  war  finished. 

As  a  peace-time  venture  a  large  synthetic  ammonia  works  must 
form  the  basis  of  a  fertilizer  industry  and  it  was  for  this  purpose 
that  Messrs,  Brunner.  Mond  &  Co-  took  over  the  project  iu  i^'I<S« 
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A  subsidiary  company — Synthetic  Atiimonfa  iUid  Nitrates,  Ltd. — 
was  formed  to  develop  the  process  and  site,  and  along  with  the 
zest  of  the  Bnmner,  Hond  Group  it  became,  in  ISM,  one  of  iJie 
founding  companies  of  lJviffria);ClMnnipBl  j^dustries. 

ANHTDRltB  ' 

Nitrogen  from  the  air  forms  a  raw  materia!  for  the  manufacture 
of  fertilizers,  as  weU  as  for  explosives,  and  is  fixed  in  the  form  of 
ammonia  by  a  high  temperature  and  pressure  process.  Very 
briefly  this  consists  of  circulating  practically  pure  nitrogen  and 
hydrogen  at  500^0.  and  at  8,700  lb.  per  sq.  in.  pressured  in  the 
presence  of  a  catalyst,  when  a  combination  of  the  gases  forms 
ammonia:  The  fertiliser  (ammonium  sulphate)  is  ptMluoed  as 
follows : — ^25  per  cent  ammonia  solution  is  allowed  M  react  with 
«arbon  dioxide,  forming  ammonium  oarbonate,  which  in  turn 
reacts  with  ground  anhydrite,  producing  amsiionium  sulphate 
(&  solution)  and  calcium  catbonate  (chalk,  as  solid).  The 
ammonium  sulphate  solution  is  c6ncentrated '  to  form  orystab. 
while  the  chalk  is  used  for  making  cement  and  am^ther  (evtiKieN- 
called  *  Nitro^Chalk  *.  Bulphate  of  ammonia  is  a  vMty*stable-and 
safe  form  of  hitrogeh  storage ;  it  is  in  great  demand  now  for  the 
starved  agricultural  land  of  Europe,  which  i^  the  main  reason  for 
the  increased  outputs  required. 

By  a  process  of  roasting  in  kilns  with  other  niaterials  anhydrite 
is  made  to  give  olT  the  gas  sulphur  dioxide,  which  is  oxidized  in 
the  presence  of  a  catalyst  to  produce  sulphuric  acid.  The  clinker 
produced  is  used  for  the  manufacture  of  cement.  Ground  anhydrite 
is  used  with  certain  accelerators  or'  retarders  to  produce  various 
grades  of  building  plasters,  plaster  blocks,  etc.  Ground  anhydrite 
is  used  direct  for  the  contnjl  of  weevil  m  grain,  as  an  insecticide, 
as  a  tiller  in  paint,  and  has  numerous  other  uses  in  small  quantities. 

Geology 

The  anhydrite  deposit  worked  at  Billingham  occurs  near  the 
middle  of  the  South  Durham  and  North  Yorkshire  Permo-Triassic 
succession.  The  presence  of  rock  salt  and  anhydrite  among  the 
rocks  concealed  beneath  the  surface  glacial  deposits  was  known 
for  many  years  from  the  brine  wells  near  Middlesbrou^.  In  1926 
a  boring  at  Billingham,  put  down  in  search  of  a  supply  of  cooling 
lirater,  proved  beneath  the  rock  salt,  at  a  depth  of  800  ft.,  a  bed 
of  anhydrite  20  ft.  thick  and  of  90  per  cent  CaS04  content. 

The  anhydrite  as  mined  is  a  blue-grey  stone,  translucent  when 
fractured  to  a  thin  edge.    11  \iafi  «k  ^^waSi^  ^v<i'\\>n  ol  ^-9  and  a 
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hardness  of  3  to  8*5  on  Mob's  scale.  The  bulk  analysis  of  the  mine 
output  averaged  over  a  year  is  :  CaS04  90*5  per  cent,  SiOj  2-1  per 
cent,  and  NaCl  0-006  per  cent. 

Table  I 

Per  oeftf 

Muscovite 3*26 

Biotite  1-63 

Paragonite   0*35 

Quartz  0-17 

Hornblende 0-10 

Huorite    0*05 

Anhydrite,  with  water-aoluble  minerals  and  traces  of  others  not 

exoeeding  O-Ol  per  cent  each    94*44 

100-00 

The  anhydrite  contains  a  large  variety  of  niiimte  detrital  mineral 
grains.  A  quantitative  analysis  of  a  sample  taken  from  a  band 
conveyor  over  a  period  of  16  days  gave  the  minoralogical  analysis 
shown  in  Table  I.  The  quartz  grains  show  the  characteristic 
rounding  of  wind-blown  sand,  and  the  relative  abundance  of  the 
micas  is  also  clear  evidence  of  wind  transportation.  The  mineral 
assemblage  as  a  whole  indicates  the  arid  conditions  under  which  the 
grains  were  derived  and  transported  from  their  parent  rocks. 

The  position  of  the  Billinghani  anliydrite  bed  in  relation  to  the 
general  succession  in  the  district  is  shown  in  Fig.  1,  while  details 
of  the  strata  frt)in  shaft  and  bore-hole  sections  are  given  in  Fig.  2. 
The  anhydrite  seam  is,  of  course,  perfectly  dry  and  generally  free 
from  gas,  but  when  the  underlying  dolomite  is  penetrated,  a  little 
water  and  some  methane  and  sulphuretted  hydrogen  are  liable  to 
be  released. 

Up  to  1939  the  anhydrite  workings  pi<jved  the  seam  to  have  an 
average  inclination  of  1  in  19  in  a  direction  fc>.  47°E.,  but  in  recent 
years  great  variations  in  direction  and  amount  of  dip  have  been 
met  with,  as  well  as  red  marls  intruding  in  the  roof.  These  intru- 
sions are  associated  in  their  contact  with  the  anhydrite  with 
sHckensides  and  other  evidence  of  plastic  deformation  of  the 
deposits  in  response  to  tectonic  stress.  These  and  other  matters 
relating  to  the  geology  of  the  Billinghani  anhydrite  have  been 
studied  by  members  of  the  staff,  but  such  a  subject  requires  a 
paper  to  itself. 

Mining 
tSJiafis, — The   sinking   of    two   shafts,    13   ft.   inside   diameter, 
was  commenced  on  September  8rd,  1926,  and  completed  in  14 
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montlis.  In  sinking  throuf^h  ihe  sandstones  600  gallons  per  minuie 
of  water  were  madi^  in  each  .shaft,  wliich  was  dealt  with  by  pnmps  ; 
the  shafts  are  lined  with  ndnforced  concrete  through  the  water- 
bearing measure  and  with  plain  concrete  below.  Although  the 
small  diameter  of  the  shafts  is  responsible  for  quite  96  per  cent  of 
the  power  input  required  at  the  ventilation  fan,  represented  by 
180,000  cu.  ft.  per  minute  at  2'3  in.  W.G.,  the  unit  power  costs 
have  been  so  low  that  no  case  could  be  made  for  larger  shafts  at 
much  increased  capital  cost  in  order  to  save  on  ventilation  running 
costs. 

After  passing  through  the  anhydrite  at  778  ft.  from  the  surface 
the  sinking  was  continued  73  ft.  into  the  magnesian  limestone,  or 
dolomite,  to  provide  depth  for  the  gravitation  of  the  anhydrite 
rock  produced  through  a  180-ton  bunker  and  4-ton  measuring 
boxes  to  the  shaft  skips.  Spillage  from  the  skipB  is  collected  on  a 
steel  diaphragm  at  the  shaft  bottom  and  diverted  down  a  chute 
to  a  standard  mine  tub. 

Sinking  through  the  dolomite  provided  the  only  difl&culty,  when 
gas  consisting  of  94  per  cent  methane  and  3  to  4  per  cent  of  sul- 
phuretted hydrogen  was  encountered.  Ausdliary  fans  and  canvas 
tubing  were  used  to  sweep  out  the  gas  and  arrangements  made  for 
testing  the  conditions  at  the  shaft  bottom  every  hour.  It  should 
be  noted  in  passing  that  canaries  were  useless,  as  they  dashed 
themselves  to  pieces  with  fright  at  the  noise  of  the  sinkers'  drills, 
while  guinea  pigs  continued  to  '  eat  their  heads  off  '  in  gas  concentra- 
tions above  the  danger  hmit  for  men  doing  arduous  work — i.e., 
one  part  HjS  in  10,000.  Actually,  the  sinkers  were  withdrawn 
when  the  sulphuretted  hydrogen  reached  a  concentration  of  0-009 
per  cent.  The  men  were  found  to  vary  considerably  in  their 
resistance  to  the  gas  and  some  continued  to  have  sore  eyes  and 
throats  when  working  to  this  limit.  The  present  method  of  detect- 
ing sulphuretted  hydrogen  in  the  mine  is  as  described  in  the 
Department  of  Scientific  and  Industrial  Research  publication 
*  Methods  for  the  Detection  of  Gases  in  Industry  *,  Leaflet  No.  1, 
Hydrogen  Sulphide  (Revised  Edition)  1948. 

Skip  Winding, — The  installation  of  a  850  h.p.  8,800-volt  straight 
a.c.  induction  motor  skip  winder  at  No.  1  downcast  shaft,  with 
skips  holding  4J  tons  jof  anhydrite,  allowed  of  the  originally- 
projected  output  of  1,000  tons  per  shift  being  easily  obtained  from 
the  small  shafts  and.  with  three  shifts  working  an  output  of  18,000 
tons  per  week.  Actually  it  has  been  proved  that  a  maximum 
winding  capacity  of  1,600  tons  per  8-hour,  shift  is  possible  wheu 
there  are  no  chokes  or  other  causes  of  delay,     Duiinj^  ^u  ^^tV^ 
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period  of  the  war,  when  the  mine  was  operating  a  9«hour  shift, 
outputs  in  excoss  of  1,600  tons  per  shift  were  obtained. 

The  winder,  built  by  8cott  and  Hodgson,  has  a  9-ft.  parallel 
drum  lagged  with  oak  six  inches  thick,  giving  a  rope  speed  of 
980  ft.  per  minute.  The  350  h.p.  motor  drives  through  two  trains 
of  double  helical  gears.  Allen- West  Uquid  controllers  give  accelera- 
tion to  full  speed  in  ten  seconds,  with  a  peak  horse-power  of  500. 
Since  installation,  an  extra  bearing  has  been  provided  for  the  first 
motion  shaft  and  double-tangent  keys  substituted  in  the 
intermediate  shaft  for  the  original  sunk  keys.  The  double  tangent 
keys  have  proved  very  efficient.  The  overwinder  is  of  Burroughs 
design  and  recently  proved  completely  efficient  when  an  accidental 
overwind  occurred. 

The  cage  winder  at  No.  2  up-cast  shaft  is  similar  to  No.  1  skip 
winder,  except  that  it  is  built  to  the  opposite  hand  :  1^-in.  diameter 
locked-coil  ropes  are  used  at  both  shafts  for  periods  up  to  five 
years  and  are  capped  with  *  Beliance  '  capels. 

Crushing  Plant 

The  run-of-mine  anhydrite,  up  to  18-in.  cube,  is  tipped  into  a 
head-frame  bunker  of  100-ton  capacity,  the  headframe  being  94  ft. 
high  to  the  centre  of  the  18-ft.  diameter  pulleys.  From  the  bunker 
the  stone,  controlled  by  Ross  chain  feeders,  passes  through  Hadfields 
size  7i  gyratory  crushers  reducing  to  3-in.  diameter.  Passing 
rotary  screens  the  IJ-in.  ring  size  passes  to  a  8,000-ton  storage 
bunker,  while  the  oversize  is  reduced  in  Symons  disc  crushers  to 
one  inch  cube,  which  is  then  passed  to  the  storage  bunker.  Dust 
control  within  the  plant  is  satisfactorily  maintained  by  a  Visco-Betb 
apparatus. 

The  handhng  of  the  inch  cube  anhydrite  from  the  8,000-ton 
storage  bunker  to  the  grinding  mills  of  the  ammonium  sulphate 
plant  is  by  l)i-ca])le  ropeway,  and  from  the  crushing  plant  to  the 
sulphuric  acid  plant  by  band  conveyor. 

Underground  Layout 

The  mine  workings  (Fig.  8,  Plate  I)  are  bisected  by  a  locomotive 
haulage  road  18  ft.  wide,  called  the  West  level,  which  was  set  out  in 
1928  at  a  slight  angle  to  the  strike  of  the  seam  to  give  a  grade  of 
1  in  80  in  favour  of  the  loaded  tubs.  It  is  now  known  that  a  grade 
of  1  in  200  would  have  been  better,  since  the  number  of  empty  tub? 
hauled  inbve  is  limited  bv  the  load  on  the  locomotive,  while  the 
number  and  speed  of  the  trains  of  full  tu])s  brought  outbye  is 
limit od  hy  the  braking  capacity  of  the  locomotive,  especially  when 
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the  rails  are  wet  due  tu  condenBatiou  iu  the  hot  suuimer  mouths. 
The  track  ift  80-iu.  i^AXi^o  and  laid  with  40  lb.  per  yard  raild  for  the 
two  6-ton  English  JKh^ctric  trolley  locoiuotiveB.  i^'rom  this  West 
Level  rope  haulage  inchnes,  18  ft.  wide  and  U  ft.  high,  to  rise  and 
dip  are  set  off  (; very  120  yardn.  The  dip  liiinlages  wore  from  the 
iirflt  built  with  frames  to  carry  two  druius,  although  for  the  first 
nine  years  they  were  fitted  with  single  drums  only  and  operated 
as  direct-rope  haulages.  When  the  dip  workings  passed  through 
an  area  of  changing  dip,  forming  a  *  swilly  \  it  was  possible  to  add 
a  second  drum  to  the  dip  haulages  and  convert  them  into  *  main 
and  tail  *  units.  These  haulages  are  150  h.p.,  to  give  a  rope  pull 
of  four  tons  at  6  m.p.h.,  which  on  average  gradients  enables  a 
25- ton  pay  load  to  be  hauled.  The  rise  haulages,  having  to  raise 
empty  tubs  only,  are  60  h.p.,  but  since  the  duty  of  pullmg  sets  of 
20  full  tubs  of  83  cwt.  gross  each  round  curves  from  the  loader 
levels  into  the  haulage  plane  is  severe  these  haulages  are  fitted 
with  a  two-speed  gear.  On  the  bottom  gear  the  speed  is  2  m.p.h., 
enabUng  the  60  h.p.  motor  to  deal  adequately  with  this  duty. 
Since  the  loweruig  of  20  full  tubs  with  a  gross  weight  of  33  tons  down 
the  incline  at  6  m.p.h.  is  severe  on  the  brakes,  these  rise  haulages 
are  fitted  with  two  brake  paths  to  the  drum  and  double-caliper 
brakes. 

It  may  be  pointed  out  that,  siiice  the  rope  tension  due  to  hauling 
at  2  m.p^h.  and  to  braking  on  the  rise  haulages  is  the  same  as  the 
rope  tension  due  to  haulmg  on  the  dip  haulages,  tlie  drum  shafts 
were  specified  to  be  the  same  diameter.  The  necessity  for  this  was 
apparently  not  obvious  to  some  haulage  manufacturers,  who 
questioned  the  necessity  of  putting  as  big  a  drum  shaft  into  a 
60  h.p.  haulage  as  into  a  150  h.p.  haulage. 

From  these  haulage  planes  levels  are  turned  off  at  20-yard  centres 
to  fonii  loading  levels  IB  ft.  wide  and  the  full  height  of  the  seanx, 
which  on  the  average  has  been  18  ft. ;  extreme  heights  of  27  ft. 
have  been  worked.  To  rise  and  dip  off  these  loader  levels  cross-cuts 
are  driven  18  ft.  wide  and  9  ft.  high  in  the  first  working,  at  20-yard 
centres,  forming  pillars  42  ft.  square,  thus  giving  an  extraction 
of  51  per  cent  in  plan  area.  These  cross-outs  are  later  stoped  in 
two  lifts  to  the  full  height  of  the  seam. 

in  the  loader  levels  a  top  heading  is  driven  8  to  9  ft.  high  and 
8  yards  or  more  in  advance  of  the  bench. 

Drilling 
DriUing, — Drilling  on  the  headings  is  generally  Ijy  Holman  S.L. 
lOA  maolihies  mounted  on  8-in.  vertical  colunms,  the  slides  bein^ 
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arranged  for  4-ft.  steel  changes.  Some  CP.  50  anto-feed  drifters 
are  in  use  and  Hohnan  auto-feed  drifters  are  on  order ;  26  holes 
are  drilled  in  the  heading,  using  a  V-cut,  as  shown  in  the  drawing 
(Fig.  4).  The  bench  is  drilled  with  similar  machines  mounted  on  a 
4^  in.  horizontal  bar ;  the  correctly  drilled  round  should  pull  7  ft. 

The  cross-cuts  are  driven  using  the  8-in.  vertical  columns,  but 
a  shorter  round  is  drilled  to  pull  5  ft. 

Much  trouble  was  formerly  experienced  with  bent  jack  screws 
when  using  standard  drill  columns,  so  special  columns  with  an 
external  barrel  nut  are  now  made,  with  buttress  thread  for  jacking, 
which  cured  the  trouble. 

All  drilling  has  to  be  dry,  because  anhydrite  dust  has  similar 
characteristics  to  plaster  of  Paris  ;  any  moist  anhydrite  would 
set  in  tubs  and  bunkers,  and  with  0*5  per  cent  moisture  it  wiU  not 
grind  in  the  ball-mills.  This  means  that  much  dust  is  produced 
in  drilling,  but  the  systematic  X-ray  of  miners  over  the  last  16 
years  has  proved  the  dust  to  be  innocuous.  Through  the  years 
much  research  and  experimentation  has  been  carried  out  on 
dust-trapping  devices  without  any  marked  permanent  sacoess, 
the  most  successful  being  the  Pyrene  dust  trap  using  merino-wool 
filters  similar  to  the  material  used  in  the  Mark  lY  respirator. 
Some  work  has  been  done  with  electric  and  compressed  air  rotary 
drills  using  tungsten  carbide  bits,  and  this  work  is  being  continued 
with  two  American  coal  drills,  the  CP.  700  and  the  Jeffrey  A6. 

Respirators  are  available  to  the  drillers,  the  present  issue  being 
the  American  *  Dnstfoe  ',  but  only  about  10  per  cent  of  the  men 
will  wear  them. 

The  cross-cuts  are  drilled  with  Holman  Golden  Arrow  auto-twist 
stopers. 

Hollow  and  solid  1-in.  hexagon  alloy  drill  steels  are  used  to  drill 
the  6,000  to  7,000  ft.  daily,  consumption  being  one  third  qt  that 
when  plain  carbon  steel  was  used.  Rose  bits  and  4J-in.  shanks  are 
standard,  each  bit  drilling  140  ft.  between  sharpening.  No  success 
has  been  achieved  with  detachable  bits. 

Bla.'ifing. — Blasting  of  rounds  of  up  to  50  holes  is  normal,  using 
on  the  average  2J  lb.  of  Polar  Ammon.  Gelignite  per  hole  in  the 
heading  and  the  old  type  of  delay  action  detonators,  up  to  No.  4 
delay.  In  dry  conditions  there  is  no  reason  to  use  the  more 
expensive  gasless  delay  detonator.  The  arrangement  of  delays  is 
shown  in  the  sketch  (Fig.  4). 

Exploders  of  various  types  are  in  use — Atlas  50-shot,  Dread- 
nought 50-shot,  and  Schaffler  100-shot ;  the  Schaffller  100-shot 
is  the  best  machine,  giving  the  most  rapid  rise  of  voltage  independent 
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of  the  operator  and  is  used  where  more  than  50  shots  in  a  round  are 
necessary.  Plain  clay  is  used  for  stemming,  the  holes  being  stemmed 
to  the  mouth.  The  stemming  is  produced  in  an  extrusion  machine 
at  the  surface  and  conveyed  underground  in  special  clay  bogies. 
Much  of  the  15  per  cent  moisture  required  in  the  clay  during  the 
extrusion  process  is  lost  in  transit  underground  before  being  used. 

Exhaustive  tests  have  been  carried  out  with  sand-clay  stemming, 
proving  that  for  the  conditions  obtaining  nothing  was  to  be  gained 
by  this  complication,  which  caused  excessive  wear  of  the  extrusion 
machine. 

To  prove  conclusively  that  stemming  deep  holes  to  the  mouth 
with  clay  and  using  high  explosive  was  giving  practically  100  per 
cent  efficiency,  the  author  carried  out  a  series  of  tests  in  which  holes 
were  stemmed  with  Ciment  Fondu  and  allowed  to  set  for  24  hours. 
In  these  conditions  the  explosive  was  to  all  intents  and  purposes 
sealed  within  solid  rock,  indicated  by  the  fact  that  blocks  of 
anhydrite  were  found  after  blasting  with  the  cement  stenuning 
still  adhering  to  the  rock  ;  whereas  the  normal  consumption  of 
explosive  is  at  the  rate  of  0*6  lb.  per  ton,  cement  stemming  improved 
this  figure  to  0*59  lb.  per  ton  only,  which  was  within  the  Umits  of 
experimental  error. 

LoADiNa 

The  method  of  loading  up  to  1931  was  by  hand  shovelling  into 
tho  25  cwt.  capacity  tubs,  which  limited  the  size  of  tub  and  rail 
gaut^^e  used.  By  this  method  12 J  tons  per  hand  tiller  per  shift  was 
inaintaixied. 

Trials  were  then  made  with  Holman  and  Sullivan  scraper  loaders 
with  partial  success,  but  the  rock-loading  duty  proved  too  arduous 
for  the  standard  design  of  scrapor  loader  and  the  mine  was  forced 
to  build  loaders  to  a  modified  design  to  obtain  the  robustness 
required.  Whereas,  on  the  purchased  loaders,  clutches  had  to  be 
relined  every  10  to  12  shifts,  main  shafts  were  sheared,  and  ball 
bearings  were  spilled  into  the  epicyclic  gearing  with  disastrous 
results,  the  loaders  built  at  Billingham  have,  during  the  war, 
operated  for  periods  up  to  three  years  with  no  attention  other  than 
oiling. 

The  main  points  of  the  Billingham  design  are  the  use  of  an  air- 
cooled  nitrided  clutch  race  of  ample  area  and  diameter,  rigid 
caliper  clutch  shoes,  heavy  fiill-typ(^  roller  Ix'urings,  alloy  steel 
shafts,  rigid  fabricated  steel  bedplate,  and  very  ample  oil  reservoirs 
feeding  the  roller  bearings.  The  bearing  seats  are  ground  to  fine 
interference  Hmits  and  the  bearings  heated  to  70°C.  in  oil  and 
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shrunk  on  the  shafts.  The  drive  is  by  roller  chain  from  a  80  h.p. 
electric  motor :  |  in.  diameter  flattened-strand  ropes  with  wire 
core  were  standard  before  the  war  to  pull  a  44  in.  skip  weighing 
I  ton  and  hauling  }  ton  of  stone.  The  8  in.  diameter  face  snatch 
blocks  are  built  of  solid  alloy  steel,  the  pulley  being  mounted  on  a 
plain  bronze  grease- lubricated  bush,  after  experimenting  with  many 
desit^^is  using  roller  bearings  ;  when  a  roller  bearing  of  ample  size 
was  used  the  snatch  block  was  too  heavy  for  practical  use. 

For  the  live  years  before  the  war  these  scraper  loaders  averaged 
*20o  tons  per  shift  of  6^  to  7  hours  working  time,  but  with  present 
labour  the  ouput  varies  from  140  to  160  tons  per  shift.  The  loaders 
are  operated  by  four  men  and  a  chargehand,  there  being  one  driver, 
ont^  tugger  man,  and  two  men  changing  tubs. 

Sullivan  7^  h.p.  Turbinair  tuggers  are  found  most  useful  for 
handling  tubs  in  the  loader  levels,  although  when  grades  become 
steep  the  Holman  14  h.p.  Vee-Uaulage  becomes  necessary,  and 
has  been  found  most  reliable. 

Vbntilatiom 

Ventilation  is  by  a  18  ft.  6  iii.  Walker  Indestructible  fan  placed 
underground,  exhausting  180,000  cu.  ft.  per  minute  to  the  surface. 
The  water  gauge  on  the  fan  is  2.8  hi.,  but  2*2  of  this  is  due  to  the 
18  ft.  diameter  shafts  and  only  0-1  in.  is  required  to  circulate  the 
air  through  the  roads  of  such  large  areas  in  the  mine. 

These  levels  of  large  area  present  a  great  difficulty  in  preventing 
leakage  and  expansion  into  the  old  workings  and  brattice  cloths 
have  to  be  erected  outbye  of  the  haulage  inclines  to  keep  the 
circulating  air  in  the  face  area.  Now  that  the  working  face  is 
approaching  a  mile  from  the  shafts  less  than  half  the  total  quantity 
of  air  reaches  the  main  split  at  the  end  of  the  West  Level.  This 
situation  stresses  the  advantage  of  a  panel  system  of  working  where 
it  can  be  adopted,  but  the  present  method  of  driving  loader  levels 
continuously  prevents  the  formation  of  panels. 

A  conniienceinent  has  been  made  to  build  a  brick  stoppmg  across 
the  mine  near  to  the  present  working  face,  to  cut  off  all  the  old 
wr»rkings,  and  in  t»ffect  to  form  a  new  mine.  Plans  are  in  hand, 
however,  for  a  panel  system  of  mining  in  a  new  area,  to  be  operated 
on  trackless  ininin<{  methods,  when  all  the  existing  methods  and 
«H]uipment  will  be  made  obsolete — but  this  will  be  the  subject  of 
another  paper  in  the  years  to  come. 
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submitted  for  discussion  at  a  Meeting  of 
the  Institution  of  Mining  and  Metallurgy,  to 
be  held  in  the  Apartments  of  the  Geological 
Society  of  London,  Burlington  House, 
Piccadilly,  Ijondon,  WA,  on  Thursday, 
October  llth,  1946,  at  5  o*clock  p.m. 

An  Experimental  Investigation  of  the  Effects  of  High 

Temperatures    on    the    Efficiency    of    Workers    in 

Deep  Mines. 

By  Anthony  Caplan,  M.D.  (Lond.),  M.R.C.P.  (Lond.),  and 

J.  K.  Lindsay,  Member. 

Introduction 

During  the  past  few  decades  workers  in  many  parts  of  the  world 
have  carried  out  investigations  on  the  important  subject  of  the 
eflFect  of  hot  humid  surroundings  on  the  health  and  efficiency  of 
industrial  workers.  There  still  exists,  however,  some  divergence 
of  opinion  as  to  what  constitutes  comfortable  or  uncomfortable 
conditions  and  what  is  the  best  index  as  a  unit  of  comparison. 

Climatic  conditions,  racial  characteristics,  and  acclimatization 
all  play  an  important  part  in  the  problem.  Thus  conditions  which 
would  be  oppressive  to  miners  in  a  temperate  climate  need  not 
necessarily  be  oppressive  to  men  working  in  the  tropics  ;  this 
especially  applies  to  the  indigenous  population. 

On  the  Kolar  goldfield,  in  common  with  other  deep-mining 
centres,  the  problem  of  hot  humid  conditions  underground  consti- 
tuted a  serious  threat  to  the  continued  efficient  working  of  the 
mines  at  depth,  but  the  installation  of  air-cooUng  plants  on  surface 
has  so  materially  improved  conditions  at  vertical  depths  of  8,000 
to  9,000  ft.  below  the  surface  that  operations  can  now  be  carried 
on  without  undue  effect  on  the  health  or  efficiency  of  the  workers. 
The  success  of  a  cooling  plant,  however,  is  largely  dependent  on  an 
efficient  distribution  of  the  cooled  air  to  each  working  point  and  as 
the  workings  proceed  in  depth  a  general  but  gradual  and  pro- 
gressive deterioration  in  conditions  will  again  be  experienced.  In 
addition  it  may  be  pointed  out  that  at  the  present  time  the  mining 
of  ore  at  depth  and  under  temperature  conditions  comparable  with 
those  on  the  Kolar  goldfield  is  confined  to  a  few  mining  localities 
only.     The  time  is  approaching,  however,  ^hefQ  dai^Wo^  ^«^o^\\j^ 
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win  become  exhausted  or  present  orebodies  followed  down  to 
greater  depths.  The  problem  of  working  efficiency  at  high  tem- 
peratures wiU  then  become  of  increasing  economic  importance  to 
many  mining  fields  throughout  the  world. 

For  these  reasons,  investigations  were  carried  out  to  determine 
a  satisfactory  index  which  could  be  adopted  as  a  measurement  of 
comfort  and  efficiency  for  workers  in  deep  mines  and  the  point  at 
which  a  serious  falling  off  in  efficiency  might  be  expected. 

Dbbcription  of  Experimental  Procedure 

Seleetion  of  Method, — The  selection  of  a  method  by  which  the 
efficiency  of  the  worker  could  be  determined  presented  some 
difficulty.  No  ergometer  was  available  to  measure  directly  the 
foot-pounds  of  work ;  in  any  case  such  an  instrument  was  not 
thought  to  be  suitable  for  experimental  purposes  with  the  Indian 
labour  available.    Several   alternatives   were   then   reviewed   bv 

ft 

which  it  would  be  possible  to  calculate  the  foot-pounds  of  work, 
but  as  the  investigation  was  primarily  concerned  with  the  relative 
working  efficiency  under  varying  atmospheric  conditions,  it  was 
considered  that  a  knowledge  of  work  done  in  terms  of  foot-pounds 
was  not  essential.  It  was  also  felt  that  if  men  performed  work 
they  were  accustomed  to  in  their  daily  routine  more  reliable 
results  would  be  obtained  ;  hand-drilling  was  therefore  decided 
upon  as  a  simple  and  straightforward  method  by  which  work  done 
could  be  measured  and  compared  in  terms  of  inches  drilled  per 
hour. 

It  was  important  that  apart  from  the  personal  factor  the  only 
variables  should  be  atmospheric  conditions  and  not  the  drilling 
medium.  The  hornblende  schist,  which  forms  the  wall  rock  of 
the  quartz  veins,  varies  considerably  in  hardness  and  is  generally 
soft(T  and  easier  to  drill  at  depth.  The  local  granite,  however,  is 
relatively  consistent  in  hardness  and  texture  and  any  slight  variation 
is  of  little  practical  consequence  when  using  a  large  number  of 
blocks.     Granite  was  therefore  selected  as  the  drilling  medium. 

Selection  of  Men. — Six  men  of  average  physical  fitness  daily 
enjLja^ed  in  the  drilling  oi  rock  by  hand  and  acclimatized  to  hot  and 
humid  conditions  up  to  about  93°F.  wet-bulb  temperature  were 
selected.  No  particular  care  was  taken  to  pick  men  of  exceptional 
physi(|ue  or  ability  to  withstand  high  temperatures.  They  were 
chosen  from  the  ordinary  run  of  mine  workmen  and  for  their  record 
of  regular  attendance  at  work,  as  they  would  then  be  less  liable  to 
upset  tht»  investif^ation  routine  by  absenteeism. 

Method  of  Catidiic/wuf  Ta^i^, — As  a  preliminary  to  carrying  out 
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the  experiments,  a  temperature  survey  was  made  of  the  downcast 
and  upcast  air  currents,  from  which  convenient  working  points  were 
selected  to  give  a  range  of  wet-bulb  temperatures  between  70°F. 
and  97°F.  and  a  dry-bulb  range  of  approximately  80°F.  to  125°P. 
The  tests  were  commenced  at  the  bottom  of  the  downcast  airway 
and  then  continued  at  any  of  the  pre-selected  points  in  either  the 
downcast  or  upcast  airway  as  was  at  the  time  convenient. 

The  granite  blocks  selected  were  of  a  size  suitable  for  trans- 
porting to  the  various  levels.  The  men  drilled  in  pairs,  one  man 
holding  the  drill  and  the  other  using  the  hammer.  The  men 
worked  withoat  clothing  and  no  attempt  was  made  to  influence 
the*  drilling  speed,  division  of  labour,  or  number  of  rest  periods 
taken.  The  duimtion  of  each  test  was  three  hours  and  at  the  end 
of  each  hour  the  number  of  inches  drilled  was  measured. 

Recordings  of  the  wet-  and  dry-bulb  temperatures,  wet  kata 
cooling  power,  and  air  velocity  were  taken  before  and  at  hourly 
intervals  during  the  test.  From  these  figures  grains  of  moisture 
per  pound  of  dry  air  and  quantity  of  air  in  cubic  feet  per  minute 
were  calculated.  The  effective  temperature  was  computed  from 
the  basic  chart  of  effective  temperatures  published  by  the  American 
Society  of  Heating  atid  Ventilating  Engineers  (Fig.  1). 

The  body  temperature  (taken  orally),  pulse  rate,  and  weight  were 
taken  before  and  at  hourly  intervals  during  the  test.  Records  were 
also  kept  of  water  consumption  and  the  quantity  of  urine  passed. 
From  these  data  the  quantity  of  sweat  lost  was  estimated.  In 
certain  cases  blood-pressure  readings  were  taken  before,  during, 
and  after  the  test  and  samples  of  blood  collected  at  the  beginning 
and  end  of  the  test  for  haemoglobin,  red  blood  cells,  and  plasma 
chloride  estimations. 

All  tests  were  supervised  throughout  by  a  mining  official. 

Analysis  of  Kbsults 

A  total  of  80  tests  was  carried  out,  but  for  various  reasons  com- 
plete data  were  available  in  only  71  tests.  The  number  of  inches 
drilled  by  the  three  pairs  during  the  first,  second,  and  third  hour 
in  each  test  was  averaged  and  in  addition  an  average  was  taken 
of  the  total  number  of  inches  drilled  per  hour  by  the  three  pairs 
for  the  three-hour  period.     This  is  illustrated  in  Table  I. 

The  average  number  of  inches  drilled  for  each  of  these  periods 
(underlined  in  Table  I)  in  each  test  was  then  plotted  against  the 
wet-bulb  temperature,  effective  temperature,  and  wet  kata  cooling 
power  (Figs.  2  to  4).  Curves  were  then  drawn  by  an  independent 
and  expert  mining  engineer  to  represent  the  mean  of  the  findings 
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in  each  group  of  tests.  It  cab  be  noted  tlimt  difi&oulty  was  •zperi- 
enced  in  drawing  a  Batigfaotory  cvre  for  the  wet  kata  readings. 
The  curves  for  wet*bulb  temperature,  effective  tempecature,  and 
wet  kata  cooling  power  for  the  first  hour,  seeond  hour,  third  hovr, 
and  total  tfaree*hour  shift  were  then  charted  on  one  graph  for 
comparison  (Fig.  6). 

Tablb  I 
Spbcimxn  Tbsts 


Dry  bulb,  '^F 

Wet  bulb,  **F 

Effective  temperature  

Wet  kata  cooling  power,  millic/aec. 
Inches  drilled 


First  hour  :      First  pair 

Second,, 
Third    „ 


Average... 
Second  hour  :  First  pair 

Second,, 
Third    „ 


Third  hour : 


Average... 
First  pair 
Second  „ 
Third    „ 


Average 

Average  of  three  pain  for  three  hours 


62 


82-7 
82-2 
79*6 
12-36 


12-76 
11-6 
11-26 
11-83 
9-76 
13-5 
12-26 
11-83 
10-26 
10-76 
10-25 
10-42 
11-86 


Test  Number 


62 


106-1 
86-2 
90-6 
7-36 

11-26 
10-26 
6-26 
9-26 
9-76 
11-26 
6-00 
9-00 
8-76 
7-6 
7-0 
7-75 
8-67 


18 


12M 
93-1 
97-2 


7-67 


8-0 

6-26 

7-00 

7-08 

8-76 

9-76 

900 

9-17 

8-00 

7-76 

7-25 

7-67 

7-97 


16 


121-3 
94-9 
98-7 
5-12 


6-25 

4-25 

4-75 

6-08 

6-0 

3-25 

2-25 

3-5 

Men 
unable 
to 
work 


2-86 


At  the  beginning  of  the  investigation  no  decision  was  reaohed 
upon  a  standard  of  100  per  cent  efficiency.  With  this  object  in 
view  a  nnmber  of  tests  was  carried  oat  in  a  main  haulage  level  ^dAmca 
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conditioiiB  were  extreme^  ooxnfortoble  (dry  bulb,  85^  to  W*V., 
wet  bulb,  IS^  to  TS^'F.,  effective  temperature,  65^  to  69"*,  and  wet 
kata  cooling  power,  85  to  82).  As  will  be  seen  from  the  graphs  it 
was  found  that  the  work  done  here  was  less  efficient  than  in  many 
other  places  with  hi^er  wet-bulb  and  effective  temperatures  and 
lower  wet  kata  cooling  power.  These  tests  were  excluded  from  the 
mean  curve  and  their  significance  is  referred  to  later.    Wlien  the 
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Fio.  2. — ^The  relationBhip  between  work  done  and  wet-bulb  temperature  **F. 

graphs  were  drawn  it  was  decided  to  use  as  the  100  per  cent 
efficiency  line  the  average  of  work  done  under  the  most  favourable 
underground  conditions  during  the  j&rst  hour.  The  amount  of 
work  done  in  inches  drilled  was  then  converted  into  percentages  of 
efficiency. 

The  relationship  between  working  efficiency  and  the  wet -bulb 
temperature,  effective  temperature,  and  wet  kata  coohng  power 
is  shown  in  tabular  form  in  Table  II  and  graphically  in  Fig.  5. 
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Fio.  3. — The  relationBhip  between  work  done  and  effective  temperature. 
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Fig.  4. — The  relationBhip  between  work  done  and  wet  kata  cooling  power. 
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Examination    of    the    working    eftciency    carves    shows    the 
following : 
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Wel-Bulb  Temperature  Curve — Fig.  5j 
First  Hour. — There  is  no  change  in  thi>  efficienoy  until  ihd 
I  temperature  rises  aiiove  83°F.  wh<;n  the  output  falls,  and  at 
I  temperatures  between  90°  and  91°F.  it  is  reduced  to  75  per  o«ut, 
I  The  decline  is  then  a  little  more  rapid  and  with  teniperatur6H  in 
I  the  region  of  94^  to  9fi°F.  the  capacity  for  work  ib  50  per  cent 
I  and  at  96-S''F.  only  30  per  cenL 
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Fig.  .}. — Working  efficienc;  oun'M  for  Brat,  aeoaod,  third  hour  and  meao. 
Second  Hour. — In  working  places  with  a  tempwrature  range  of 
78°  to  83"?.  the  efficiency  is  96  per  cent  of  that  in  the  first  hour. 
A  falHLix  ufT  takes  place  after  83°F.,  and  the  curve  follows  closely 
parallel  to  that  of  the  first  hour  to  a  temperature  of  about  90°F., 
wheu  the  efficiency  is  reduced  to  75  per  cent.  The  fall  is  then 
more  rapid  and  at  93°F.  the  efficiency  is  50  per  cent,  at  SWF. 
20  per  cHit,  and  at  STT.  10  per  cent. 

Tliiril  Hour. — The  efficiency  in  the  third  hour  at  the  lower 
rauf^e  nf  femperatures  is  90  per  cent,  and  a  further  fall  is  apparent 
at  SS'F.     The  efficiency  drops  to  76  per  cent  when  temperatures 
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of  87^  to  88^F.  are  reached*  From  this  point  the  ability  to  perform 
work  diminiBhes  more  rapidly  than  in  the  first  and  second  hours, 
and  at  temperatures  between  91^  and  92°F.  the  output  is  only 
50  per  cent,  and  at  94°F.  26  per  cent.  At  a  temperature  of  96^F. 
the  working  capacity  is  nil. 

Three  Hours. — The  curve  of  the  mean  performance  over  the 
three-hour  period  follows  very  closely  that  of  the  second  hour 
until  temperatures  rise  above  92^F.,  when  the  fall  in  efl&cienoy  is 
a  little  more  marked. 

Effective  TenipercUure  Curve — Fig.  5b 

First  Hour. — The  efficiency  falls  when  temperatures  reach  84° 
and  continues  to  fall  slowly  until  at  98-5°  the  output  is  reduced 
to  75  per  cent.  Beyond  this  point  the  fall  is  somewhat  more 
steep  and  at  100°  the  efficiency  is  85  per  cent. 

Second  Hour. — The  efficiency  in  the  lower  temperature  readings 
is  about  95  per  cent  of  that  in  the  first  hour  and  a  fall  commences 
at  83°.  The  curve  closely  follows  that  of  the  first  hour,  with  a 
progressive  deterioration  in  working  capacity,  until  at  92*4°  the 
efficiency  is  75  per  cent.  Above  this  temperature  the  decline  is 
more  rapid  and  at  96*8°  the  efficiency  is  50  per  cent  and  falls  to 
80  per  cent  when  temperatures  approach  98*4°. 

Third  Hour. — The  efficiency  is  about  85  per  cent  up  to  84°  ta 
86°,  when  a  fall  occurs.  The  curve  then  runs  closely  parallel  with 
those  of  the  first  two  hours,  until,  at  90°,  the  efficiency  is  75  per 
cent.  Beyond  this  point  there  is  a  marked  decline  and  the  output 
is  reduced  to  25  per  cent  at  97°. 

Three  Hours. — The  mean  curve  is  similar  to  that  of  the  second 
hour  until  temperatures  of  90°  are  reached  when  there  is  a  sUght 
divergence.  The  curve  then  follows  that  of  the  second  hour  and 
at  95*9°  and  98'5°  the  efficiency  is  50  per  cent  and  25  per  cent 
respectively. 

Wet  Kata  Cooling  Power  Curve — Fig.  5c? 

First  Hour, — The  curve  follows  a  straight  line  up  to  a  wet  kata 
cooling  power  of  18*8,  when  a  faUing  off  is  observed.  The  decline 
is  gradual  until  5*7  when  the  efficiency  is  75  per  cent,  and  at  1*8 
the  efficiency  is  50  per  cent. 

Second  Hour. — The  second-hour  curve  commences  at  95  per  cent 
efficiency  and  follows  the  first-hour  curve  very  closely  until  an 
index  of  7*5  is  reached.  From  this  point  the  fall  is  a  little  more 
rapid,  giving  an  efficiency  of  75  per  cent  and  50  per  cent  when  the 
index  is  6*9  and  8*9  respectively. 


12         A«  GAFLAN  AND  J.  X.  IJKl>8Ar  :  BFRBCT  OF  HIOH 

Third  Hour. — The  efficiency  up  to  an  index  of  12-5  is  85  per 
cent,  when  a  faUing  off  occurs  and  below  8  the  decline  is  greatly 
accelerated.  At  an  index  of  8*2  the  efficiency  is  75  per  cent,  at 
5*0,  50  per  cent,  at  8-2,  25  per  cent,  and  at  1-9  it  is  nil. 

Three  Hours, — The  mean  curve  is  slightly  lower  and  almost 
identical  with  that  of  the  second  hour  until  an  index  of  3-0  is 
reached,  when  it  crosses  that  of  the  second  hour.  At  an  index  of 
4-1  the  efficiency  is  50  per  cent  and  at  2-2  it  is  25  per  cent. 

Humidity 

In  Fig.  6  the  grains  of  moisture  per  lb.  of  dry  air  are  plotted 
against  inches  drilled.  It  ¥dll  be  seen  there  is  no  direct  relation- 
ship between  humidity  and  work  done.  It  may  be  stated,  how- 
ever, that  when  high  humidities  were  associated  with  high  dry-  and 
wet-bulb  temperatures  the  working  efficiency  was  reduced. 


95      IDS      115      125      135     145      155      165     175      185 
GRAINS  OF  MOISTURE  PER  POUND  OF  DRY  AIR 

Fig.  6. 

Discussion 
It  is  of  importance  to  decide  at  the  outset  whether  the  efficiency 
curves  presented  are  sufficiently  accurate  to  be  applied  to  normal 
underground  working  conditions.  Little  objection  can  be  raised 
to  the  experimental  procedure.  The  only  criticisms  that  may 
legitimately^  be  made  are  :  First,  that  the  number  of  men  engaged 
or  the  number  of  tests  carried  out  (especially  at  certain  ranges  of 
temperature)  were  too  few  to  give  a  fair  average  of  work  done 
under  varying  underground  conditions  ;  and,  secondly,  that  the 
men  were  only  fully  acclimatized  up  to  wet-bulb  temperatures  of 
93°F.  The  graphs  show  that  in  a  number  of  tests  the  work  done 
was  either  much  below  or  above  the  average  for  a  particular  wet- 
bulb  temperature,  effective  temperature,  and  wet  kata  reading, 
but  this  is  not  an  uncommon  finding  in  experiments  introducing 
the  human  factor.     A  greater  number  of  tests  would  undoubtedly 
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have  assisted  in  neutralizing  this  factor  and  more  accurate  curves 
obtained.  Nevertheless,  it  is  felt  that  a  sufficient  number  of  tests 
was  performed  to  permit  curves  to  be  drawn  showing  for  practical 
purposes  the  relationship  between  working  efficiency  and  the 
wet- bulb  temperature  and  effective  temperature.  The  wet  kata 
curve,  however,  is  not  considered  satisfactory. 

It  is  admitted  that  working  efficiency  unden  the  most  oppressive 
conditions  would  have  been  a  little  higher  if  the  men  had  been 
acclimatized  over  a  long  period  to  wet-bulb  temperatures  above 
93°F.  It  is  considered  unlikely,  however,  that  the  differences 
would  alter  the  main  outhne  of  the  curves  to  any  appreciable 
degree. 

The  main  facts  brought  out  by  the  present  investigation  are  : 
(1)  During  a  three-hour  shift  the  output  of  work  diminished 
hourly  even  under  the  most  comfortable  working  conditions.  This 
hourly  decline  in  efficiency  was  increasingly  manifest  when  the 
wet-bulb  temperature  rose  above  88°F.,  the  effective  temperature 
above  85°,  and  the  wet  kata  coohng  power  fell  below  14.  Ulti- 
mately the  efficiency  fell  to  a  degree  when  little  or  no  useful  work 
could  be  performed  in  the  third  and  even  the  second  hour.  This 
stage  was  reached  when  the  efficiency  fell  below  25  per  cent  and 
was  noted  : 

(a)  After  two  hours'  work  when  the  wet-bulb  temperature  rose 
above  94°F.,  the  effective  temperature  above  97**,  and  the  wet  kata 
fell  below  3.     v 

(b)  After  one  hour  when  the  wet- bulb  temperature  rose  above 
95-5°F.,  the  effective  temperature  above  99®,  and  the  wet  kata 
fell  below  2. 

A  serious  falHng  off  in  efficiency  (say  50  per  cent)  occurred, 
however,  at  considerably  less  oppressive  conditions.  This  was 
noted  : 

(a)  After  two  hours'  work  when  the  wet-bulb  temperature  rose 
above  91-5°F.,  the  effective  temperature  above  94-5°,  and  the  wet 
kata  fell  below  5. 

(6)  After  one  hour  when  the  wet-bulb  temperature  rose  above 
93°F.,  the  effective  temperature  above  96-5°,  and  the  wet  kata 
cooling  power  fell  below  4. 

During  the  first  hour  the  output  was  not  seriously  impaired — 
i.e.,  fell  below  50  per  cent — until  the  wet-bulb  temperature  rose 
above  94-4°F.,  the  effective  temperature  above  98-0°,  and  the  wet 
kata  fell  below  1*8. 

It  may  be  assumed  that  during  a  normal  six-hour  working  shift 
the  efficiencv  would  continue  to  fall  with  each  stfccessive  houx  ^\A 
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after  the  third  hour  a  seriouB  faUing  off  in  oatput  would  occur  iu 
conditions  less  oppressive  than  those  found  in  the  present 
investigation. 

(2)  Lq  a  complete  three-hour  shift  the  efficiency  began  to  fall 
when  the  wet-bulb  temperature  rose  above  88°F.,  the  effective 
temperature  above  85°,  and  the  wet  kata  fell  below  18-6.  When 
conditions  deteriorated  the  efficiency  fell  at  first  gradually  and 
then  more  rapidly.  If  it  is  assumed  that  work  was  (a)  moderately 
impaired  when  the  efficiency  was  75  per  cent,  (h)  seriously  impaired 
at  50  per  cent,  and  (c)  useless  below  25  per  cent,  these  stages 
were  reached : 

(a)  When  the  wet-bulb  temperature  rose  above  89-5°F.,  the 
effective  temperature  above  91-5°,  and  the  wet  kata  fell  below  7*5. 

(6)  When  the  wet-bulb  temperature  rose  above  92-5°F.,  the 
effective  temperature  above  96-0°,  and  the  wet  kata  fell  below  4-0. 

(c)  When  the  wet-bulb  temperature  rose  above  95°F.,  the 
effective  temperature  above  98'5°,  and  the  wet  kata  fell  below  2. 

Again  it  may  be  assumed  that  during  a  normal  six-hour  working 
shift  there  would  be  a  greater  all-round  reduction  in  efficiencv 
under  the  conditions  described. 

These  findings  are  at  variance  with  those  of  other  workers. 
Thus  Haldane  (^)*  in  1905  believed  that  the  limit  of  active  work 
was  at  78°F.  wet-bulb  temperature  in  still  air,  85°F.  in  air  moving 
at  a  velocity  of  135  ft.  per  minute,  and  that  at  80°F.  the  work  of 
a  miner  decreased.  This  statement,  however,  conflicts  with  a 
later  quotation  by  Haldane  {^)  (in  1929)  from  the  Eighth  and  Ninth 
Beports  on  '  The  Control  of  Atmospheric  Conditions  in  Hot  and 
Deep  Mines  '  (by  Prof.  K.  Neville  Moss),  in  which  he  states  : 

About  50  men  were  working  iii  the  places  selected,  the  wet-bulb  tenxjx^ra- 
ture  being  86o^F.  and  the  dry-bulb  temperature  100-5^F.  The  mean  wet 
kata  reading  was  10-0.  Their  average  output  per  man  shift  was  actually 
greater  than  in  cooler  parts  of  the  same  pit,  the  coal  being  easier  to  get. 
...  It  was  clear,  at  any  rate,  that  even  with  as  low  a  wet  kat«  reading 
88  4*0  a  quite  ordinary  amount  of  work  could  be  done  when,  as  in  that  case, 
the  men  worked  without  clothing  and  were  thoroughly  acclimatized. 
Since  it  has  often  been  assumed  that  a  wot  kata  reading  several  times  higher 
is  necessary  this  observation  is  especially  significant. 
This  quotation  is  given  in  full,  for  it  is  *  especially  significant  '  and 
emphasizes  the  inaccuracy  of  Haldane's  earlier  oft-quoted  belief 
that  at  SS'^F.  wet-bulb  temperature  hard  work  was  virtually 
impossible.  In  the  present  investigation  the  efficiency  was  hardly 
affected  at  BS'^F.  wet-bulb  temperature,  but  fell  to  about  85  per 
cent  at  H6'5°F.,  and  at  a  wet  kata  of  4-0  there  was  definite  reduction 
to  60  per  cent. 

♦Figures  in  parenjheses  refer  to  the  bibliography  given  at  the  end  of 
the  paper. 
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The  results  obtained  by  Bedford  and  Warner  (•)  in  efficiency  tests 
on  British  coal  miners  is  shown  in  Table  III,  as  arranged  by  Yaglou. 

Table  III 

WoBKiNO  Capacity  of  Minebs  in  Relation  to  Effective 
Temperatitre  and  Wet  Ejlta  Cooling  Power 


Effective 
Temperature 

WetKata 
Cooling 
Power 

ResiPattses, 

Min.  per 

Hour 

Tub-filling 
Time, 
Min. 

Relative 
Output, 
Per  cent 

65-8 

18-6 

7-3 

80 

100 

65-8 

14-6 

6-7 

8-6 

94 

75-3 

12-9 

90 

8-5 

91 

75-8 

10-8 

100 

9-2 

82 

77-8 

90 

111 

91* 

81        - 

81-8 

6-4 

22-4 

9-6 

59 

It  will  be  seen  that  the  relative  output  is  59  per  cent  at  an  effective 
temperature  of  81 -8°  and  wet  kata  of  6*4,  whereas  in  Southern 
Indian  labourers  the  efficiency  remained  at  100  per  cent  at  an 
effective  temperature  of  81-8**  and  was  about  70  per  cent  at  a  wet 
kata  of  6*4.  It  will  also  be  noted  that  the  effective  temperatures 
representative  of  the  wet  kata  readings  quoted  differ  widely  from 
those  found  in  the  present  investigation.  Thus  on  the  Kolar 
goldfield  a  wet  kata  cooling  power  of  6'0  .was  more  hkely  to  be 
represented  by  an  effective  temperature  of  93°  than  82°. 

The  explanation  offered  for  these  marked  differences  is  the 
opinion  given  by  Hinsley  (*)  that  there  is  no  simple  connection 
between  the  effective  temperature  and  wet  kata  cooling  power. 
Hinsley  points  out  that  a  wet  kata  of  12  in  different  underground 
conditions  could  be  represented  by  an  effective  temperature 
ranging  between  68°  and  88°.  This  observation  was  confirmed  in 
the  present  investigation,  for  wet  kata  readings  of  7  to  8  were 
represented  by  effective  temperatures  ranging  between  81°  and  97°. 

Ehrismann  and  Hasse  (*)  (quoted  in  a  Keview  of  Literature  on 
*  Conditioning  Air  for  Advancement  of  Health  and  Safety  in 
Miners  ')  report  a  fall  in  efficiency  in  German  coal  miners  of  33  per 
cent  to  69  per  cent  between  wet  kata  cooling  powers  of  6-3  and  8*2. 
At  these  wet  kata  readings  the  efficiency  in  Southern  Indian  mine 
workers  was  70  per  cent  and  80  per  cent  respectively.  These 
authors  also  consider  an  effective  temperature  of  82°  to  be  the 
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limit  for  a  full  working  period.    At  82''  on  the  Kolar  goldfield 
efficiency  was  unimpaired. 

Orenstein  and  Ireland  (•)  found  that  the  working  efficiency  of 
native  South  African  miners  was  reduced  when  the  wet  kata 
cooling  power  fell  below  16*0  and  at  a  wet  kata  of  5  the  efficiency 
was  about  55  per  cent.  In  the  present  investigation  the  efficiency 
figures  were  somewhat  higher  for  comparable  conditions.  Thus 
the  efficiency  began  to  fall  at  a  wet  kata  of  18*5  and  Yfas  60  per 
cent  at  a  wet  kata  of  5.  It  is  interesting  to  note  that  the  efficiency 
figures  for  native  South  African  miners  do  not  differ  from  those 
found  in  the  present  investigation  to  the  extent  noted  in  comparing 
efficiency  tests  on  European  miners. 

Yaglou  (J)  found  the  upper  limit  of  temperature  efficiently 
endured  with  heavy  manual  work  to  be  80**  effective  temperature. 
Above  75°  the  output  decreases  gradually  until  80°  is  reached, 
when  the  fall  becomes  very  rapid.  Hinsley  agrees  with  Yaglou 
that  for  best  conditions  the  effective  temperature  should  not 
exceed  80°,  but  adds  that  a  fall  in  output  occurs  when  the  effective 
temperature  rises  above  85°  and  at  90°  and  over  little  or  no  work 
can  be  done.  It  is  agreed  that  the  efficiency  falls  when  the  effective 
temperature  rises  above  85°,  but  in  Southern  Indian  mine  workers 
at  90°  effective  temperature  the  efficiency  was  as  high  as  80  per 
cent.  The  stage  of  *  little  or  no  work  '  was  reached  only  when  tl^" 
effective  temperature  rose  above  98-5°. 

The  attitude  of  the  average  mining  engineer  to  the  relative  high 
efficiencies  found  in  the  present  investigation  has,  we  understand, 
changed  during  the  past  25  years.  In  1920,  when  it  was  stated  in 
the  First  Report  of  the  Committee  on  *  The  Control  of  Atmospheric 
Conditions  in  Hot  and  Deep  Mines  '  that  about  80°F.  might  be 
assumed  as  the  upper  limit  for  the  performance  of  efficient  work, 
the  results  would  have  been  received  with  some  surprise.  It  is 
now  being  realized,  however,  this  estimate  is  too  low  for  British 
coal  mines.  This  is  supported  by  the  observation  of  Moss  (*) 
already  quoted  and  that  of  Lawton  (•)  who  found  that  acclimatized 
men  '  can  work  quite  efficiently  '  at  wet-bulb  temperatures  of 
88°F.,  provided  there  is  adequate  ventilation.  It  is  interesting  to 
note  that  the  calculated  effective  temperatures  for  some  of  the 
working  places  with  a  wet-bulb  temperature  of  88°F.  described  in 
Lawton 's  paper  is  90°.  If  these  are  the  places  referred  to  by 
Lawton  in  which  men  worked  efficiently  the  upper  limit  of  effe<Jtive 
temperature  for  working  efficiency  in  British  coal  miners  given  by 
Hinslev  should  be  revised. 

The  reason  for  the  relative  high  efficiency  in  the  Southern  Indian 
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labourt^r  under  seemingly  oppressive  conditions  is  not  difficult  to 
understand.  It  is  well  known  that  conditions  considered  hot 
-and  oppressive  in  the  average  mine  in  Britain  may  be  pleasant  to 
the  acclimatized  worker  in  the  tropics.  The  Southern  Indian 
labourer  on  the  Kolar  goldfield  is  accustomed  to  surface  atmospheric 
temperatures  up  to  100°F.  dry-bulb  and  75°F.  wet-bulb  tem- 
peratures. His  tolerance  to  high  tepaperatures  is  therefore  much 
liigher  than  that  of  the  miner  in  a  temperate  climate  and  is  further 
increased  by  accUmatization  to  high  underground  temperatures. 
Even  the  European  underground  workers  on  the  Kolar  goldfield 
•do  not  lind  wet-bulb  temperatures  of  85°F.  uncomfortable  and 
provided  there  is  adequate  ventilation  wet-bulb  temperatures  up 
to  90'^r.  are  not  considered  unduly  oppressive.  Indeed  the  investi- 
gators were  surprised  when  the  tests  showed  that  the  efficiency 
began  to  fall  at  a  wet-bulb  temperature  as  low  as  84°F. 

The  fact  that  underground  conditions  comfortable  to  a  European 
meed  not  necessarilv  be  comfortable  to  an  Indian  is  demonstrated 
in  the  results  of  the  tests  carried  out  in  a  main  downcast  level.  A 
number  of  tests  were  perfonned  in  this  place,  the  dry-bulb  tem- 
peratures being  85°  to  86°F.,  the  wet-bulb  temperatures  78°  to 
75°F.,  the  effective  temperatures  65°  to  69°,  wet  kata  coohng  power 
S5  to  82,  and  air  velocity  740  to  900  ft.  per  minute.  In  all  tests  the 
efficiency  was  appreciably  lower  than  in  tests  performed  in  average 
working  places.  It  may  well  be  that  the  lowered  efficiency  was 
partly  due  to  the  discomfort  occasioned  by  the  high  velocity,  but 
it  is  also  probable  that  temperature  conditions  were  below  the 
optinjuui  for  efficient  work  in  Southern  Indian  labourers.  This  is 
supported  by  Penman's  (^®)  observation  that  acclimatized  men 
working  in  Indian  coal  mines  at  wet-bulb  temperatures  over  85°F. 
-with  very  httle  air  movement  (wet  kata  about  5-7)  did  not  hke 
being  transferred  to  cooler  places. 

Another  and  less  obvious  reason  for  the  apparent  high  efficiency 
figures  is  the  difference  between  the  energy  per  hour  expended  by 
labourers  in  the  tropics  and  in  temperate  climates.  The  Southern 
Indian  labourer  has  sensibly  adjusted  his  rate  of  work  to  that 
•demanded  by  tropical  conditions.  His  output  per  hour  may  be 
less,  but  energy  is  conserved  which  enables  him  to  tolerate  and 
continue  working  in  hot  underground  atmospheres  for  longer 
periods.  The  100  per  cent  efficiency  figure  decided  upon  in  this 
investigation  might  be  considered  low  for  the  average  European 
miner,  but  it  is  certain  that  a  decHne  in  efficiency  would  occur 
earlier  and  at  lower  temperatures  in  a  European  than  in  an 
Indian. 
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Comparison  between  the  Rblativb  Value  of  the  Wet-Bul8 

Tehperatuke.  EypKcTivB  Temperature,  and  Wet  Kata  Cooumo 

Power  as  Imtiices  of  Working  Efficiency 

The  degree  of  comfort  or  discomfort  of  underground  working 
conditiono  is  commonly  expret^sed  iii  terms  of  wet-biilb  tt^uipemture, 
wet  kata  cooling  powor,  or  effective  temperature.  The  wet  kata 
thennometer  was  introduced  as  au  improvement  on  the  wet-bulb 
thennornoter,  and  later  the  effective  temperature,  which  embraces 
the  dry-  and  wet-bulb  temperatures  aud  air  velocity,  was  evolved 
in  America  as  the  most  satisfactory  index  of  comfort  conditions. 

A  deterioration  in  the  comfort  of  working  conditions  beyond  a 
certain  point  ie  bound  to  be  associated  with  a  decreasing  abihtj'  of 
men  to  perform  work.  The  ideal  index  of  comfort  conditions 
should  therefore  also  be  the  ideal  index  for  measuring  working 
efficiency.  Such  an  ideal  should  theoretically  enable  an  efficiency 
curve  to  be  drawn  after  a  sufficient  number  of  carefully- supervised 
testa  baa  been  performed  under  varying  conditions  (provided  of 
course  the  men  are  in  a  comparable  healthy  state  in  all  tests  and 
the  only  variable  factor  is  working  conditions).  The  individual 
points  on  the  graph  should  be  grouped  claseEy  around  the  niewi 
curve. 

Applying  this  principle  to  the  findings  in  the  present  investigation 
it  appears  from  inspection  of  Figs.  2  to  4  that  neither  the  wet-bnlb 
temperature,  effective  temperature,  nor  wet  kata  cooling  power  is 
an  ideal  index  of  working  efficiency.  The  graphs  show  that 
althou^  it  was  possible  to  draw  mean  curves  for  the  wet-bulb 
temperature,  effective  temperature,  and  wet  kata  cooling  po^yer, 
many  points  in  all  graphs  were  well  above  or  below  the  line.  The 
anomalous  findings  in  some  of  these  teats  could  undoubtedly  be 
attributed  to  the  human  factor,  but  in  others  it  is  probable  that 
degrees  of  comfort  or  discomfort  were  not  correctly  interpreted  by 
the  wet-balb  temperature,  effective  temperature,  or  wet  kata 
cooling  power. 

A  careful  examination  of  the  grouping  of  individual  points 
around  the  mean  curves  demonstrates  there  is  little  to  choose 
between  the  wet-bulb  temperature  and  effective  temperature 
groupings,  while  in  the  wet  kata  cooling  power  graphs  the  points 
are  much  more  haphazard.  On  this  basis  it  may  be  concluded 
that : 

(a)  The  wet  kata  cooling  power  is  a  less  accurate  index  of  working 
efficiency  than  either  the  wet -bulb  temperature  or  effective 
temperature. 

{b)  The  wet-bulb  temperature  is  as  useful  an  index  of  working 
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efficiency  for  conditions  occurring  in  the  mines  on  the  Kolar  gold- 
field  as  the  efifective  temperature. 

These  findings  are  somewhat  unexpected,  for  the  effective 
temperature  is  now  generally  accepted  as  being  the  most  accurate 
index  of  comfort  conditions.  In  addition  there  has  been  a  tendency 
in  recent  years  to  favour  the  wet  kata  cooling  power  rather  than 
the  wet-bulb  temperature  when  descriRing  comfort  conditions. 
Further  information  was  therefore  sought  by  comparing  graphically 
the  wet-bulb  temperatures,  effective  temperatures,  and  wet  kata 
cooling  power  in  each  test.  This  is  shown  in  Fig.  7,  which  also 
includes  the  dry-bulb  temperatures,  air.  velocity,  and  the  number 
of  inches  drilled.  The  tests  are  arranged  for  comparison  in  order 
of  wet-bulb  temperature  ascendency.  The  important  facts  brought 
out  are  summarized  thus  : 

(1)  The  rise  in  wet-bulb  temperature  is  associated  with  an 
almost  comparable  rise  in  effective  temperature.  Up  to  wet-bulb 
temperatures  of  84°F.  there  are  many  fluctuations  in  the  effective 
temperature  curve  due  to  marked  variations  in  the  air  velocity 
and/or  dry-bulb  temperature.  Beyond  SS^'F.  wet-bulb  temperature 
the  fluctuations  are  less  obvious,  the  effective  temperatures  being 
affected  to  a  lesser  extent  bj'  changes  in  air  velocity  and  dry-bulb 
temperature. 

(2)  Excepting  when  conditions  are  oppressive  there  is  no  definite 
relationship  between  the  wet  kata  cooling  power  and  wet-bulb 
temperature  or  effective  temperature.  The  ^et  kata  curve  closely 
follows  the  air  velocity  curve  and  is  unduly  influenced  by  changes 
in  velocity  at  the  expense  of  the  dry-  and  wet- bulb  temperatures. 

(3)  When  the  wet-bulb  temperature  is  between  76°  and  84^F. 
working  efficiency  is  little  affected  by  variations  in  the  dry-bulb 
temperatures  (83°  to  110°F.)  and  air  velocity  (0  to  700  ft.  per 
minute).  It  is  at  this  range  of  wet-bulb  temperature  that  thw 
effective  temperature  expresses  more  accurately  comfort  conditions, 
but  as  Southern  Indian  mine  workers  are  unaffected  bv  these 
conditions  there  is  little  advantage  to  be  gained  •  in  using  the 
effective  temperature  rather  than  the  wet-bulb  temperature  as 
an  index  of  working  efficiency. 

(4)  In  the  higher  ranges  of  wet-bulb  temperatures — i.e.,  abovt» 
86°F. — when  working  efficiency  falls  the  worsening  of  conditions 
is  shown  almost  as  well  by  the  wet-bulb  temperature  as  by  the 
effective  temperature.  There  are  variations  in  efficiency  which 
show  a  closer  relationship  to  the  effective  temperature,  but  there 
are  also  examples  when  a  rise  in  effective  temperature  is  not 
associated  with  the  expected  fall  in  output  and  vice  versa. 
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(5)  The  wet  kata  curve  generally  bears  less  relation  to  working 
eflBciency  than  either  the  wet-bulb  temperature  or  effective 
temperature. 

It  is  therefore  concluded  that  although  comfort  or  discomfort 
conditions  are  best  described  in  terms  of  effective  temperature 
there  is  much  to  be  said  in  favour  of  the  use  of  the  wet-bulb 
temperature  as  an  index  of  working  efficiency  on  the  Kolar  gold- 
field.  There  is  every  reason  to  support  a  wider  use  of  the  effective 
temperature  in  deep  mining,  for  its  calculation  necessitates  the 
determination  of  dry-  and  wet-bulb  temperatures  and  air  velocity. 
Thereby  the  attention  of  the  mining  engineer  is  kept  focused  on 
the  important  subject  of  ventilation. 

There  does  not  appear  to  be  any  justification  in  recommending 
the  use  of  the  wet  kata  thermometer  as  an  aid  to  ventilation  and 
working  efficiency  problems  on  the  Kolar  goldfield.  The  wet-bulb 
thermometer  is  familiar  to  all  mining  engineers  and  is  very  much 
easier  to  use  than  the  wet  kata  thermometer.  It  is  felt  that  until 
the  mining  engineer  becomes  effective- temperature  minded  he  will 
be  well  served  by  the  familiar  wet-bulb  temperature. 

Notes  on  the  Physiological  Changes 

(1)  Body  Temperature, — A  rise  in  body  temperature  occurred 
even  when  working  conditions  were  comfortable  and  became  more 
marked  when  conditions  deteriorated.  The  relationship  of  the 
rise  to  wet-bulb  temperatures  is  shown  in  Table  IV.     The  rise 

Table  IV 

Relationship  Between  Rise  in  Body 
Temperature  and  Wet-Bulb  Temperatures 


Wet 'Bulb  TempercUure 

Rise  in  Body 
Temperature  ""F. 

Up  to  84 

0-2— 1-2 

85  —  89 

0-6— 1-4 

90  —  94 

1-2  — 2-8 

Above  94 

2-6  — 3-4 

varied  inconsistently  with  each  individual  and  the  maximum  rise 
during  the  shift  always  occurred  before  the  end  of  the  second 
hour.  This  was  almost  invariably  followed  by  a  fall  by  the  end 
of  the  third  hour  even  when  conditions  were  oppressive. 
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(•2)  Puhe  Hair-. — The  inevitable  rise  in  pulse  rate  occurred  with 
increasingly  oppreaaive  conditions,  but  it  varied  so  greatly  with 
the  individual  (irrespective  of  underground  conditions)  that  it  is 
difficult  to  preaent  the  findinga  in  a  compact  tabular  form.  The 
relationship  between  the  rise  in  pulse  rate  and  wet-bulb  temperature 
is  ahown  in  Table  V,  but  it  ia  emphasized  only  rough  estimates 
we  given. 

Table  V 
KGLATtaitHSiF  BirrwEEK  Risk  in  Pi.'lsb  Kate 

■  ASH     WCT-BtXB    TlUIFERATL-UK 


Wet- Bulb  Trmprratun 


The  difficulties  in  interpreting  the  findings  will  be  appreciated 
by  the  following  esamplea  :  In  one  teat  when  the  wet-bulb  tem- 
perature «aa  TH^F.  the  rise  in  pii!(=H  rate  Hfter  one  hour's  work  was 
8  beats  per  minute  in  one  worker  and  56  in  another.  In  other 
tests  the  rise  in  a  certain  individual  was  higher  at  64°F.  than  at 
d4°F.  Unlike  the  changes'  in  body  temperature,  however,  rela- 
tively kigh  or  low  pulae  rates  were  uaually  coiiaiatentiy  found  in 
the  same  individuals.  The  maximum  rise  in  the  pulse  rate  (as 
with  the  body  temperature)  occurred  before  the  end  of  the  second 
hour  and  by  the  end  of  the  third  there  was  an  appreciable  fall. 

(3)  Blond  Pressure. — Unfortunately,  owing  to  the  shortage  ot 
stafT,  blood  pressure  recordings  were  carried  out  only  in  a  few  tests 
when  conditions  were  oppressive.  In  all  tests  wet-bulb  tempera- 
tures were  above  9S°F.  (effective  temperatures  above  96°).  Id 
every  case  there  was  an  invariable  fall  in  the  systolic  blood  preaaure 
of  '20  to  30  m.ni.  Hg.,  and  recovery  to  normal  did  not  occur  ontil 
■at  least  two  hours  after  the  end  of  the  shift.  The  diastoUc  preaaure 
viiried  :  in  some  cases  it  was  indeterminable  and  in  others  the  fall 
was  comparable  to  that  of  the  systolic  blood  pressure.  It  is 
important  to  note  that  in  aptte  of  the  fall  in  blood  pressure  no 
complaints  were  made  by  the  workmen  and  even  by  direct  questiou* 
ing  no  untoward  symptoms  could  be  elicited. 

(4J  StMoi  Loss. — The  sweat  loss  in  oz.  per  hour  working  shift 
is  plotted  against  the  wet-bulb  temperature  in  Fig.  8.     It  will  be 
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seen  that  although  there  is  much  variation  the  quantity  of  sweat 
lost  increases  steadily  with  a  rise  in  wet-bulb  temperature  from 
an  avf^raj^e  of  about  eight  oz.  per  hour  at  74*'F.  to  80  oz.  at  93^F. 
When  conditions  further  deteriorate  the  sweat  loss  falls,  presumably 
due  to  the  fact  that  less  energy  is  expended  in  work. 

(5)  Water  Consuviption. — This  also  varied  greatly  from  an  intake 
of  nil  at  low  wet-bulb  temperatures  to  an  average  of  25  oz.  per 
hcmr  at  the  higher  ranges  of  temperature.  The  water  consumption 
was  U!>ually  about  six  oz.  per  hour  less  than  the  sweat  loss.  In  a 
few  tests  the  fluid  intake  was  increased  to  an  amount  approximating 
the  estimated  sweat  loss.  This  was  resented  in  all  cases  and  when 
forced  resulted  in  nausea. 
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WET     BUL8    TEMPERATURE    ®  F. 

Fig.  8. — Relationship  between  sweat  loss  and  wet-bulb  temperature. 

(6)  Plasma  Chloride. — A  comparison  between  the  plasma  chloride 
estimations  before  and  at  the  end.  of  the  shift  in  six  tests  when 
conditions  were  oppressive  showed  no  significant  fall  in  spite  of  a 
total  sweat  loss  varying  from  96  to  192  oz.  It  is  necessary  to  add 
that  salt  water  was  not  drunk  during  these  tests. 

(7)  Haemoglobin  and  Bed  Blood  Cell  Counts. — The  object  in 
carrying  out  these  tests  was  to  investigate  the  possibihty  of  haemo- 
concent ration  occurring  as  the  result  of  the  high  sweat  loss.  The 
tests  were  done  at  the  same  time  as  the  plasma  chloride  estimations 
and  it  was  found  there  were  no  significant  changes  before  and 
after  the  shift.  There  is  therefore  no  evidence  that  haemo- 
eoncentration  occurs  under  normal  circumstances. 
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Interprbtation  of  Physiological  Changes 

It  is  possible  for  workers  in  deep  mines  to  become  acclimatized 
over  a  period  of  years  to  conditions  which  would  be  intolerable  to 
the  unacclimatized  person.  A  stage  is  reached,  however,  when  it 
becomes  dangerous  for  men  to  work  in  excessively  oppressive 
conditions.  It  was  therefore  hoped  that  an  investigation  of  the 
physiological  changes  would  demonstrate  useful  indications  of 
latent  signs  of  distress  associated  with  a  serious  falUng  off  in  working 
efficiency. 

The  only  significant  sign  found  was  the  consistent  fall  in  blood 
pressure,  certainly  when  the  wet-bulb  temperature  rose  above 
98°F.  and  possibly  at  lower  readings.  It  has  been  pointed  out 
elsewhere  (^)  that  heat  collapse  is  brought  about  by  a  breakdown 
in  the  efficient  functioning  of  the  cardio-vascular  system  and  & 
constant  finding  in  cases  of  heat  collapse  is  a  fall  in  blood  pressure. 
It  is  therefore  reasonable  to  assume  that  when  an  underground 
labourer  is  working  in  conditions  which  are  such  that  a  fall  in 
blood  pressure  is  produced  the  addition  of  some  predisposing  factor 
is  sufficient  to  precipitate  collapse.  If  with  the  fall  in  blood 
pressure  at  a  wet-bulb  temperature  of  98°P.  (effective  temperature 
of  96^)  is  coupled  the  serious  falling  off  in  efficiency  during  a  three- 
hour  shift,  there  is  sufficient  evidence  to  show  that  prolonged  work 
under  these  conditions  may  be  harmful  to  the  health  of  the  indi- 
vidual. In  the  absence  of  positive  information  93°F.  wet-bulb 
temperature  is  given  as  the  absolute  limit  at  which  prolonged  work 
can  be  carried  out  without  undue  strain  on  the  acclimatized  indi-. 
vidual.  When  further  observations  have  been  made  it  is  extremely 
likely  that  a  significant  fall  in  blood  pressure  will  be  found  at  wet- 
bulb  temperatures  between  90°  and  98°F. 

In  this  connection  it  is  interesting  to  note  that  in  the  three  tests 
when  one  or  more  men  stopped  working  on  account  of  fatigue 
before  the  end  of  the  three-hour  shift,  the  wet-bulb  temperatures 
were  94-9°.  95°,  and  96-9°F.  and  the  effective  temperatures  98-7°, 
98*0°,  and  100-1°.  Other  tests  were,  however,  completed  at 
similarly  high  wet-bulb  and  effective  temperatures  without  undue 
fatigue. 

No  consistent  and  significant  rise  in  bod}'  temperature  was 
noted  until  wet-bulb  temperatures  rose  above  94°F.  The  rise  in 
pulse  rate  also  appeared  to  be  of  little  value  in  pointing  to  a  critical 
limiting  temperature.  The  highly  variable  findings  prevented 
definite  conclusions  being  drawn. 

The  results  of  the  plasma  chlorides  are  of  interest,  although 
unconnected  with  the  present  discussion.     The  fact  that  no  reduc- 
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lion  in  plasma  chloride  occurred  in  spite. of  a  heavy  sweat  loss  and 
no  salt  intake  during  the  working  shift  indicates  that  the  body 
reserve  of  chloride  is  the  important  factor  in  maintaining  an 
liulequate  plasma  chloride  level.  Provided  the  salt  intake  for  the 
days  previous  to  the  shift  is  sufficient  there  is  little  danger  of  a 
salt  deficiency  arising.  This  statement  does  not  infer  that  it  is 
not  necessary  to  take  salt  during  work  ;  on  the  contrary,  it  is 
strongly  advised. 

Practical  Applications 

Although  the  findings  in  the  present  investigation  have  a  specific 
application  to  mines  of  the  Kolar  goldfield  their  significance  is  of 
importance  wherever  deep-mining  operations  are  carried  out.  In 
mines  such  as  those  of  the  Kolar  field,  where  the  reefs  dip  at  a 
steep  angle,  the  transition  from  comfortable  to  uncomfortable 
conditions  takes  place  slowly  over  a  period  of  years.  Associated 
with  the  decline  in  comfort  conditions  is  increased  acclimatization 
of  the  mine  worker,  so  that  for  a  time  no  diminution  in  efficiency  is 
experienced.  Beyond  a  certain  point,  however,  a  decline  in 
capacity  to  perform  useful  work  occurs  in  spite  of  the  increased 
acchmatization  acquired,  but  such  a  decline  is  less  than  might  be 
expected,  because  of  the  extraordinary  ability  of  man  to  adapt 
himself  to  very  high  underground  temperatures.  As  the  process 
is  insidious  a  reasonable  degree  of  efficiency  can  still  be  maintained 
in  conditions  which  are  harmful  to  health.  When  conditions 
deteriorate  further  the  output  ultimately  reaches  levels  which  are 
uneconomical,  even  in  fully  acclimatized  workers.  These  factors 
are  significant  for  mines  working  at  what  might  be  termed  the 
*  critical  efficiency  range  '  of  wet-bulb  temperature. 

The  mining  engineer  in  deep  mines  is  faced  with  serious  problems 
when  the  efficiency  of  workers  acchmatised  to  underground 
conditions  begins  to  decline  to  uneconomic  levels  and  especially 
when  this  is  associated  with  possible  harmful  effects  on  the  health 
of  the  mine  worker. 

The  temperatures  at  which  a  fall  in  efficiency  occurs  may  vary 
somewhat  between  mines  in  the  tropics  and  those  in  temperate 
climates.  In  the  present  investigation  it  was  found  that  during 
a  three-hour  shift  a  fall  in  efficiency  became  noticeable  when  the 
wet-bulb  temperature  rose  above  8B°F.  and  effective  temperature 
above  85°.  The  loss  in  capacity  became  more  serious  at  90^F. 
wet-bulb  temperature  and  93°  effective  temperature.  Ultimately 
when  the  wet- bulb  temperature  rose  above  9d°F.  and  effective 
temperatures  above  96°  Uttle  useful  work  could  be  performed  after 
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the  second  hour.    In  addition  work  was  being  carried  out  in 
conditions  harmful  to  the  health  of  the  individual. 

These  findings  refer  to  a  three-hour  shift,  but  in  making  practical 
deductions  the  results  must  be  interpreted  in  terms  of  a  six-hour 
shift,  this  being  a  fair  average  of  the  time  a  worker  may  be  expected 
to  spend  at  the  face  after  aUowing  for  meal  time  and  travelling  to 
and  from  surface.  It  is  reasonable  to  suppose  that  an  efficienojr 
curve  for  a  six-hour  shift  would  be  displaced  to  the  left — that  is- 
to  say,  a  decline  in  efficiency  would  commence  at  lower  temperature* 
and  in  the  higher  range  of  temperatures  the  working  efficiency 
would  decline  much  more  rapidly. 

In  a  normal  working  shift  no  serious  diminution  of  work  is  likely 
when  wet-bulb  temperatures  are  kept  below  86**F.  and  effective 
temperature  below  B6°,  but  if  temperatures  are  allowed  to  rise  to 
90*'F.  wet  bulb,  comparable  to  about  98°  effective  temperature,  it 
is  extremely  unlikely  that  for  a  six-hour  period  the  efficiency  would 
be  any  higher  than  60  per  cent.  When  wet-bulb  temperatures 
reach  98°F.  and  the  effective  temperatures  96°  it  is  questionable 
whether  any  satisfactory  work  can  be  performed  after  the  second 
hour  and  certainly  not  after  the  third  hour.  Thus  workmen 
remaining  in  such  atmospheres  for  periods  longer  than  three  hours 
can  only  do  so  by  drastically  reducing  their  hourly  output  of  work. 
This  means  in  effect  that  when  temperatures  rise  above  90®F.  wet 
bulb,  although  the  time  at  work  may  be  doubled  or  even  trebled, 
the  actual  amount  of  work  done  remains  the  same. 

It  can  be  pointed  out  that  these  figures  are  based  upon  efficiency 
tests  performed  by  men  acclimatized  to  atmospheres  up  to  wet- 
bulb  temperatures  of  98°F.  There  is  no  doubt  that  higher 
efficiencies  than  those  found  can  be  attained  in  wet-bulb  tem- 
peratures above  93°F.  by  men  who  have  become  acclimatized  to 
such  temperatures  over  a  period  of  months.  Even  so  the  efficiency 
is  economically  low  and  there  is  always  the  danger  of  heat  collapse 
occurring  at  these  very  high  temperatures. 

Two  of  the  most  important  factors  which  determine  comfort 
conditions  in  deep  mines  and  over  which  control  can  be  exercised 
are  humidity  and  air  velocities.  The  steps  which  should  therefore 
be  taken  to  improve  or  maintain  a  desirable  standard  of  comfort 
are  :  First,  the  control  of  moisture  underground  to  prevent  the 
air  in  its  passage  through  the  mine  airways  from  absorbing  addi- 
tional moisture,  and,  secondly,  the  speeding  up  of  air  velocities  in 
the  working  places  by  the  use  of  auxiliary  or  booster  fans.  A 
monthly  effective  temperature  survey  of  all  working  points  is  of 
great  assistance  in  this  respect,  because  the  effective  temperature 
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necessitates  the  determination  of  the  dry-bulb  and  wet-bulb 
temperatures  and  the  air  velocity.  It  also  indicates  what  degree 
of  improvement  could  be  effected  in  comfort  conditions. 

There  are,  however,  obvious  practical  and  economic  limitations 
to  the  control  of  air  velocities  and  water  underground.  In  most 
mines  it  is  impossible  to  keep  the  air  from  contact  with  all  wet 
places,  but,  wherever  practicable,  all  gutters,  sumps,  etc.,  should 
be  provided  with  covers,  and  all  wet  shafts  or  roadways  lined  with 
some  suitable  material  to  prevent  the  air  from  coming  in  contact 
with  water  and  picking  up  additional  moisture. 

In  dry  and  dusty  mines  with  high  temperatures  the  following 
factors  Umit  the  usefulness  of  air  velocity  as  a  cooling  medium  : 

(1)  The  amount  of  dust  and  general  discomfort  in  working 
conditions  when  air  currents  are  increased  beyond  a  certain  speed. 

(2)  The  impracticability  under  normal  working  conditions  of 
providing  every  working  place  with  sufficiently  high  air  velocities. 

(8)  Temperatures  reach  a  point  when  ventilating  power  costs 
rise  out  of  all  proportion  to  the  additional  comfort  obtained. 

When  the  control  of  humidity  and  adequate  mechanical  venti- 
lation fails  to  prevent  a  continued  decline  in  comfort  conditions 
the  use  of  conditioned  air  must  be  considered. 

It  has  already  been  stated  that  efficiency  falls  when  wet-bulb 
temperatures  of  88°F.  and  effective  temperatures  of  85°  are 
exceeded.  How  far  conditions  may  be  allowed  to  deteriorate 
beyond  this  point  can  only  be  determined  by  the  economic  and 
practical  considerations  peculiar  to  any  individual  mine,  but  when 
wet-bulb  temperatures  approach  90°F.,  if  work  is  to  be  undertaken 
with  any  degree  of  efficiency  and  comfort  to  the  workmen  some 
form  of  air  conditioning  becomes  an  absolute  necessity. 

Summary  and  Conclusions 

The  working  efficiency  in  Southern  Indian  mine  workers  under 
varying  underground  conditions  has  been  investigated  experiment- 
ally and  the  method  used  described  in  detail. 

Seventy-one  tests  carried  out  by  three  pairs  of  hand  drillers  in 
granite  have  been  described.  Each  test  lasted  three  hours  and  at 
the  end  of  each  hour  the  depth  of  hole  drilled  was  measured.  The 
amount  of  work  done  was  plotted  against  the  wet-bulb  temperature, 
effective  temperature,  and  wet  kata  cooling  power.  Mean  curies 
were  drawn  showing  the  working  efficiency  for  the  first,  second, 
and  third  hours  and  for  the  complete  three-hour  shift. 

The  efficiency  curves  have  been  analysed  and  discussed  and  the 
salient  features  are : 
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(1)  During  the  three-hoar  shift  the  output  of  work  fell  hourij. 
This  hourly  decUne  in  efficiency  was  more  marked  when  t^onditioos 
became  more  oppressive.  It  was  noted  that  there  wma  a  Mrious 
ialling  off  in  efficiency  (say  ^  per  cent) : 

(a)  After  two  hours*  work  when  the  wet-bulb  temperature  rote 
-above  91-5°F.,  the  effective  temperature  above  M^°,  and  tli«  wet 
kata  cooling  power  below  5. 

(b)  After  one  hour's  work  when  the  wet-bulb  temperature  rose 
Above  93 "^F.,  the  effective  temperature  abov«  96*5°,  and  the  wet 
kata  reading  fell  below  4. 

Ultimately  a  stage  was  reached  when  little  useful  work  could  be 
performed  (say  25  per  cent  ^eiency) : 

(a)  After  two  hours*  work  when  the  wet-bulb  temperature  Tose 
above  94°E.,  the  effective  temperature  above  97^  and  the  wai 
kata  reading  fell  below  8^ 

(b)  After  one  hour's  work  when  the  wet-bulb  temperature  rote 
above  95-5°F.,  the  effective  temperature  above  99°,  and  the  wet 
kata  reading  fell  to  2*0. 

During  the  first  hour  work  was  not  seriously  impaired  until  the 
wet-bulb  temperature  rose  above  94*5°F. 

(2)  In  the  complete  three-hour  shift  the  efficiency  begaji  to  faU 
when  the  wet-bulb  temperature  rose  above  88°F.,  the  ^feetive 
temperature  above  85°,  and  the  wet  kata  fell  below  13-5.  The 
fall  became  increasingly  more  marked  when  conditions  deteriorated. 
The  efficiency  was  moderately  impaired — say,  at  75  per  cent 
efficiency — when  the  wet-bulb  temperature  rose  above  89-5°F.,  the 
effective  temperature  above  91 '5°,  and  the  wet  kata  fell  below 
7-5  ;  seriously  impaired — say,  50  per  cent  efficiency — when  tbe 
wet-bulb  temperature  rose  above  92'5°F.,  the  effective  temperature 
above  96°,  and  the  wet  kata  fell  below  4  ;  and  little  or  no  useful 
work  could  be  done  when  the  wet-bulb  temperature  rose  above 
95^F.,  tbe  effective  temperature  above  98*5°,  and  the  wet  kata  fell 
below  2. 

It  is  pointed  out  that  in  a  normal  six-hour  working  shift  the 
efficiency  will  be  further  reduced  under  the  equivalent  conditions. 
It  was  decided  that  at  a  wet-bulb  temperature  of  90°F.  and  effective 
temperature  of  98°  the  efficiency  would  probably  only  be  about 
60  per  cent.  When  wet-bulb  temperature  reaches  93°F.  and 
effective  temperature  96°  it  is  questionable  whether  any  useful 
work  could  be  done  after  the  second  hour  and  certainly  not  after 
the  third  hour. 

The  findings  in  the  present  investigation  are  compared  with 
those  of  other  workers  and  the  relative  high  efficiencies  under 
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seemingly  oppressive  conditions  are  attributed  to  the  accHma- 
tiafttion  of  the  Southern  Indian  labourer  to  high  surface  and  under-^ 
ground  temperatures.  It  is  also  suggested  that  the  Southern 
Indian  labourer,  in  common  with  other  labourers  in  the  tropics, 
conserves  his  energy  by  sensibly  reducing  his  rate  of  work. 

The  relative  merits  of  wet-bulb  temperature,  effective  tem- 
perature, and  wet  kata  cooling  power  as  indices  of  working 
efficiency  are  compared.  It  was  found  that  for  local  conditions 
the  wet- bulb  temperature  was  as  useful  an  index  of  working 
efficiency  as  the  effective  temperature.  The  wet  kata  cooling 
power  was  generally  less  accurate  an  index  than  either  the  wet- 
bulb  temperature  or  effective  temperature.  PoBsible  reasons  for 
these  findings  are  given.  It  is  further  suggested  that  the  effective 
temperature  has  not  proved  to  be  much  superior  to  the  wet-bulb 
temperature  as  an  index  of  working  efficiency,  because  the  effective 
temperature  scale  drawn  up  by  the  originators  does  not  reflect 
sufficiently  the  beneficial  effects  of  air  movement  at  higher  ranges 
of  temperature.  As  Critchley  (")  has  pointed  out,  the  effective 
temperature  is  an  empirical  standard  drawn  up  from  the  work  of  a 
relatively  small  number  of  Americans.  It  also  does  not  take  into 
account  the  acclimatization  factor  and  its  validity  in  the  higher 
ranges  of  temperature  and  air  velocities  has  been  impugned.  The 
findings  in  the  present  investigation  tend  to  support  the  latter 
statement  and  a  further  series  of  tests  at  the  highest  temperatures 
may  permit  a  more  accurate  chart  to  be  drawn  up.  Nevertheless, 
under  normal  working  conditions,  the  effective  temperature  is 
considered  a  more  accurate  index  of  comfort  conditions  than  either 
the  wet-bulb  temperature  or  wet  kata  cooling  power  and  its  wider 
use  in  mining  is  recommended.  However,  the  wet-bulb  temperature 
is  familiar  to  every  mining  engineer  and  until  the  average  mining 
man  becomes  more  conversant  with  the  effective  temperature  the 
wet-bulb  temperature  may  be  used  as  a  sufficiently  accurate  index 
of  working  efficiency  and  indeed  comfort  conditions. 

The  physiological  changes  are  described  and  discussed.  It  was 
found  that  a  fall  in  blood  pressure  occurred  when  the  wet-bulb 
temperature  rose  above  93°F.  and  the  effective  temperature  above 
96^.  It  is  considered  that  the  blood  pressure  provides  more  useful 
information  than  either  the  body  temperature  or  pulse  rate,  in 
regard  to  the  abiUty  of  men  to  endure  high  underground  tem- 
peratures. A  fall  in  blood  pressure  should  be  looked  upon  as  an 
ominous  sign  of  the  possible  occurrence  of  heat  collapse  and 
indicates  that  further  measures  should  be  taken  to  improve 
working  conditions. 


30  A.  OAFLAK  AKD  J.  K.  LIKD8AT. 

The  practical  implications  of  the  findings  are  discussed  and  it  is 
stated  that  when,  in  spite  of  good  mining  practice  and  especially 
adequate  mechanical  ventilation  and  control  of  moisture,  wet-bulb 
temperatures  continue  to  rise  above  85^F.  and  effective  temperature 
above  87°  air  conditioning  should  be  seriously  considered.  When 
wet-bulb  temperature  approaches  90°  and  effective  temperature  98° 
air  conditioning  becomes  a  necessity. 
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The  (reology  and  Opencast  Mining  of  the  Jurassic 

Ironstones  of  Great  Britain. 

By  W.  David  Evans,  Associau. 

Introduction 

In  Great  Britain  the  mining  of  bedded  ironstones  of  Jurassic  age 
has  afforded  a  classic  example  of  the  development  of  mechanized 
opencast  methods  dating  back  to  1896 — the  year  in  which  the  first 
mechanical  excavator  was  introduced  to  opencast  working  of  iron- 
stone in  this  country.  This  machine  was  a  Wilson  steam  crane- 
navvy,  carrying  a  IJ-cu.  yd.  bucket.  It  was  used  for  stripping 
overburden  from  the  Northampton  Sand  ironstone  at  Corby, 
Northants.  Prior  to  this  the  bedded  Jurassic  ironstones  were 
worked  by  hand  in  open-pits  throughout  the  east  Midlands.  To-day, 
as  a  result  of  improvements  in  mechanized  opencast  mining,  these 
bedded  ironstones  rank  second  to  coal  in  our  country's  natural 
resources. 

Geology  of  the  Jurassic  Ironstone  Field 

Beds  of  ironstone  occur  on  several  horizons  in  the  Jurassic  rocks 
throughout  eastern  England.  Of  these  the  Frodingham  Ironstone 
(Lower  Lias),  the  Cleveland  Ironstone  (Middle  Lias),  the  Marlstone 
Ironstone  (Middle  Lias),  and  the  Northampton  Sand  Ironstone 
(Inferior  Oohte)  have  proved  workable  over  large  areas.  The 
stratigraphical  position  of  these  ironstones  is  shown  in  Fig.  1, 
which  also  indicates  the  nature  and  approximate  thicknesses  of 
the  overlying  strata. 

The  Cleveland  Ironstones, — Among  the  stratified  iron-ores  of 
Britain  those  of  Cleveland,  north  Yorkshire,  at  one  time  took  first 
place  both  in  respect  of  output  and  industrial  consequence. 

These  ores  occur  as  interbedded  deposits  in  the  upper  part  of  the  Middle 
Lias,  and  are  ahnost  wholly  obtained  from  a  band  known  as  the  Main  Seam. 
After  some  minor  trials  on  the  coast,  the  exploitation  of  the  main  seam  on 
a  large  scale  was  begun  in  the  year  1850  at  its  northern  outcrop  near 
Easton.(«)* 

^Figures  in  parentheses  refer  to  references  given  at  tbe  end  o^  ^^^  -^ns^iet. 
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Henceforth  the  industry  developed  rapidly,  and  led  to  the  insti- 
tution of  the  iron  and  shipping  industries  of  the  Tees  estuary  and 
of  Middjesborough. 

The  geological  structure  of  the  ore-field  is  relatively  simple,  the 
strata  dipping  gently  to  the  east.  Locally,  however,  high  angles 
of  dip  in  an  opposite  direction  are  met  with,  owing  to  folding,  and 
occasionally  the  ore-beds  are  dislocated  by  faults.  Of  these, 
the  principal  ones  are  :  (1)  The  Upsall  Fault,  nmning  W.8.W.  to 
the  south  of  Easton  Hills,  which  has  a  northerly  downthrow  of  a 
maximum  of  400  ft.,  but  diminishing  rapidly  eastward,  and  (2)  the 
Lockwood  Beck  Fault,  which  runs  north-south,  and  has  a  down- 
throw east  of  about  240  ft.  in  places. 

At  the  outset  outcrop  ironstone  was  worked  in  open  pits,  but  the 
bulk  of  ore  produced  was  obtained  from  many  extensive  mines,  of 
which  only  eight  are  operating  to-day,  working  on  the  bord-and- 
pillar  system.  These  workings  were  principally  in  the  Main  Seam 
(Fig.  1),  from  which  the  ore  averaged  27  to  80  per  cent  iron,  10  to 
15  per  cent  silica,  8  to  18  per  cent  alumina,  and  4  to  7  per  cent 
lime. 

Despite  the  fact  that  output  from  the  Cleveland  Field  has  waned 
in  the  past  25  years  (Fig.  2),  it  is  still  an  important  source  of  iron 
ore.  However,  of  considerable  interest  is  the  recently  published 
estimate  of  reserves  (^),  which  is  quoted  in  Table  I.     Estimated 


^ 


Table  I 

Ore- Bed  Per  cent  Iron  Tons 

in  present  mine-field Slightly  under  30    ...       60,000,000 

Main      ^  in  abandoned  mine-field...  „  „      28    ...       60,000,000 

Seam      1  in    inferior    ground    south 

C     ofminedarea 25  to  28  ...     1.50,000,000 

Pecten  Seam,  probably    mostly  un- 
workable    About  26  ...       40,000,000 

Two -Foot  Seam,  in  northern  area,  if 

workable 30  ...       50,000,000 

Avicula  Seam,   in  southern   area,   if 

workable 25  ...       10,000,000 

Total  tomiage  370,000,000 


SM 


on  the  1943  output  of  1,756,000  tons  this  reserve  indicates 
a  life  of  just  over  200  years.  Assessing  it  on  the  proved  reserves 
in  the  Main  Seam  it  seems  more  probable  that  the  Cleveland  field 
has  a  life  of  up  to  50  years. 

The  Frodingham  Ironstone. — The  Frodingham  ironstone  is 
restricted  in  occurrence  to  the  Scunthorpe  district  of  north  Lincoln- 
shire, where  it  occurs  in  the  shales  and  clays  of  the  Lower  Lias 
formation  (Fig.  1).     It  extends  for  over  seven  miles  southwards 
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■  from  nuar  the  Humber,  aud  forms  a  broad  outcrop  up  lo  two  milM 
H  widti  which  embraees  an  area  of  nearly  eight  and  three ■qiuirt»r 
W       square  luiles.     \Vithiii  this  outcrop,  from  a  point  midway  Jietweeu 

the  villages  of  Coleby  and  Thealby  southward  nearly  to  Botteaford, 

th«  or«  is  up  to  82  ft.  thick  and  ia  workabla  almost  continiioualj-  by 

opencast  methods.     North  and  south  of  this  area  the  ore  deteiior 

m      ates  rapidly  and,  so  far  as  is  known,  it  nowhere  r^^covfrs  its  quality 

■  And  great  thiokneaa. 


i^» 


—A  graphical  representatioii  of  imports  and  outputs  of  iron  ore. 


Fic.  2. 

The  broad  outcrop  of  the  Frodiogbam  ironstone  is  due  to  the 
gentle  eastward  dip  of  the  strata  and  the  low  relief  of  this  part  of 
north  Lincolnshire.  The  dip  rarely  exceeds  1  in  100  and  the  iron- 
stone is  seldom  dislocated  by  faults  or  affected  by  folds.  Faalts 
occur,  but  their  throw  rarely  exceeds  10  ft.  Nevertheless,  their 
occurrence,  even  to  this  small  degree,  seriously  hampers  some  of 
the  workings.  Similarly,  the  small  folds  which  sometimes  occur 
within  the  ironstone  field  obstruct  development  of  the  ironBtone. 
The  western  parts  of  this  broad  outcrop  of  ironstone  are  sometimes 
concealed  by  glacial  sands,  gravels,  and  boulder  clay,  as  well  as 
more  recent  deposits  of  blown  sand.  The  removal  of  this  oover, 
although  not  free  from  attendant  problems,  has  been  effected  vitb 
comparative  ease,  even  in  the  early  days  of  hand-worked  pita. 
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Along  the  eastern  margin  of  the  outcrop  the  ore  is  concealed  by 
blown  sand  and  the  shales,  mudstoues,  clays  and  ferrugiiLQua 
limestohes  of  the  Middle  and  Upper  Laas  formations,  which  strati- 
graphically  succeed  the  Frodingham  ironstone.  This  latter  group 
of  deposits  is  naturally  increasing  in  thickness  as  the  ore-deposit  is 
being  worked  down-dip ;  in  many  places  it  will  soon  attain  a 
thickness  beyond  the  capacity  of  the  present-day  excavators. 
Consequently  the  reserves  of  outcrop  ironstone,  and  ore  beneath 
shall(^w  cover,  are  diminishing  rapidly,  and  it  is  evident  that  open- 
pit  workings  will  be  replaced  eventually  by  underground  mines  in 
the  ground  to  the  east  of  Scunthorpe.  Already  one  such  mine  is 
operating  in  this  district. 

The  unweathered  ore  is  a  dark  green  Ume-rich  ironstone,  but 
over  large  areas,  particularly  at  outcrop,  it  is  almost  completely 
oxidized  to  a  soft  brown  limonitic  ironstone  with  a  much  reduced 
lime  content.  In  its  unaltered  state  the  iron  is  present  as  carbon- 
ates (siderite)  and,  to  a  lesser  extent,  as  silicates  (chamosite) — the 
former  mineral  usually  occurring  as  oohths  and  particles  in  the 
matrix,  and  the  latter,  whilst  present  as  green  ooliths  in  a  few  thin 
bands,  usually  occurs  in  the  matrix.  The  carbonate  content  of 
the  unaltered  ore  is  often  increased  by  the  presence  of  fossil  shells 
preserved  in  calcite  and  by  the  presence  of  thin  bands  of  relatively 
pure  limestone  in  the  ore-bed. 

Since  percolating  waters  play  a  large  part  in  the  oxidation  pi 
the  ironstone  the  ore  tends  to  be  preserved  in  an  unaltered  condition 
beneath  the  impervious  clays  of  the  Middle  and  Upper  Lias. 
Complete  preservation  from  oxidation  is  not  wholly  effected,  since 
the  pervious  ironstone  is  usually  saturated  to  considerable  depths 
with  waters  derived  from  the  excellent  catchment  area  formed  by 
the  broad  outcrop  of  the  deposit  in  the  west.  Parts  of  the  ore-bed 
respond  differently  to  oxidizing  agents,  owing  to  an  inherent 
variation  in  mineralogical  content  from  the  main  part  of  the 
deposit.  At  the  Frodingham  Wing  pit  (*)  the  composition  of  the 
ironstone  from  top  to  bottom  varies  from  12*9  to  15'0  per  cent 
moisture,  20*5  to  25-7  per  cent  iron,  1*4  to  11*8  per  cent  hme,  17*1 
to  28-2  per  cent  insoluble  matter,  and  0*114  to  0*147  per  cent 
sulphur.  In  addition  the  lateral  variation  throughout  the  same 
pit,  within  a  distance  of  1,100  yds.,  is  from  8'30  to  10-1  per  cent 
moisture,  21*4  to  28'8  per  cent  iron,  14*2  to  15*1  per  cent  lime, 
13-8  to  17-4  per  cent  insoluble  matter,  and  0-540  to  0*718  per  cent 
sulphur.  Such  vertical  and  lateral  variations  are  partly  due  to 
selective  oxidation  but  mainly  to  the  great  variation  in  the  original 
lithology  of  this  relatively  shallow-water  depo«i\t  ol  Vtotv^^Ty^. 
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In  the  early  days  only  the  more  completely  oxidized  parts  of  the 
Frodingham  ironstone  were  smelted.  This  necessitated  selective 
hand  digging  and  prevented  an  early  introduction  of  whoUy- 
mechanized  opencast  methods.  Usually  the  oxidized,  and  conse- 
quently richer,  parts  of  the  ironstone  occurred  at  the  top  of  the 
deposit,  so  that  large  areas  of  *  bottom  stone '  were  left  unmined 
and  covered  by  dumps  of  hand-picked  low-grade  ironstone,  rejected 
during  the  removal  of  the  *  top  bed  *.  In  addition,  a  bed  «^^nor- 
mally  rich  in  sulphur  occurs  at  a  few  places.  It  usually  lies  about 
18  ft.  from  the  top  of  the  deposit  and  contains  up  to  8-975  per  cent 
sulphur  ;  it  has  to  be  removed  by  hand. 

With  improvement  of  blast-furnace  technique  it  was  found 
possible  to  smelt  the  hitherto-discarded  lime-rich  ironstones,  which 
contained  about  18  per  cent  iron,  up  to  80  per  cent  lime,  and  about 
0-75  per  cent  sulphur.  This  was  made  possible  by  blending  the 
ore  with  the  siliceous  Northampton  ironstone — the  latter  acting 
as  flux  for  the  high-Ume  content  of  the  Frodingham  stone.  Such 
developments  immediately  facihtated  the  introduction  of  mechani- 
cal excavators  for  digging  the  ore-bed,  as  well  as  for  stripping 
overburden.  This  increased  the  output  of  ore  from  the  pits,  but 
led  to  further  problems  of  grave  concern  to  the  fumacemen.  Pre- 
viously, the  whollv-oxidized  hand-loaded  run-of-mine  ore  was 
composed  of  lumps  rarely  greater  than  96  lb.  in  weight,  consisting 
of  *  boxstone '  (or  *  gingerbread  ')  ironstone,  with  a  very  low 
proportion  of  fines  below  |  in.  The  less-oxidized  ore.  which  is 
now  excavated  and  loaded  mechanically,  is  much  harder  and  has 
to  be  blasted  to  a  greater  extent  than  before,  an  opera tirni  w^hich 
produces  a  high  percentage  of  fines.  The  size  of  the  lumps  is  now 
well  over  the  old  limiting  figure  of  96  lb.  in  weight. 

An  average  figure  to-day  is  about  11  lb.  of  explosive  per  7  ton  of  stone, 
producing  a  maximum  size  of  about  4  ft.  by  3  ft.  by  2  ft.  in  stone  from 
under  25  to  30  ft.  of  cover.(') 

Owing  to  the  variable  nature  of  the  component  parts  of  the 
ore-bed  and  its  thinly-bedded  and  closely -jointed  structure  it  is 
rarely  possible,  even  with  a  well-proportioned  charge  of  explosive, 
to  avoid  the  production  of  as  much  as  25  per  cent  fines  in  the 
run-of-mine  ore.  This  problem  has  received  attention  from  the 
Appleby  Frodingham  ironstone  Company  and  the  results  of  their 
researches  and  the  remedial  measures  adopted  at  the  furnaces  have 
been  published  in  a  comprehensive  report  to  the  Iron  and  Steel 
Institute.  (^) 

Considerable  annual  outputs  of  ore  have  been  obtained  from  this 
b'omewhat  restricted  ironstone  deposit.    Li  1939  the  output  was 
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about  1,600,000  tons,  but  rose  to  1,756,000  tons  in  1943.  Further, 
the  run-of-mine  ore  was  probably  not  in  excess  of  2,500  tons  per 
foot -acre  and' the  average  thickness  of  the  ironstone  was  about 
20  ft.  Thus,  accepting  the  reserve  figure  pubhshed  by  the  Kennet 
Committee  C')  of  13,900  acres — i.e.,  695,000,000  tons  estimated  on 
the  basis  quoted — it  seems  likely  that  the  Ufe  of  this  field  does  not 
exceed  400  years.  Of  this  estimate  of  reserves,  however,  probably 
only  one- third  is  workable  by  opencast  methods.  Consequently, 
if  these  high  outputs  are  to  be  maintained  from  this  field,  under- 
ground mining  must  be  resorted  to,  in  conjunction  with  the 
opencast  mines,  within  the  next  20  years  or  so. 

The  Marlstone  Ironstone. — The  Marlstone  ironstone,  as  such, 
occupies  a  well-defined  horizon  at  the  top  of  the  Middle  Lias 
formation.  In  Lincolnshire  it  is  about  7  to  12  ft.  thick,  where 
workable,  and  averages  about  12  ft.  in  Leicestershire.  Through 
Northamptonshire  the  ironstone  is  about  6  ft.  thick,  but  increases 
to  as  much  as  30  ft.  in  parts  of  Oxfordshire  (Fig.  1).  Throughout 
the  main  part  of  the  field  the  outcrop  of  this  ironstone  is  marked 
b}'  a  low  escarpment  and,  owing  to  the  gentle  dip  of  the  bed  at 
about  two  to  five  degrees  to  the  east,  broad  outcrops  occur  in 
many  parts  of  Oxfordshire  and  Leicestershire.  Locally  the  dip 
increases,  or  is  reversed,  by  the  occurrence  of  small  folds  and 
occasionally  the  ironstone  is  dislocated  by  small  faults,  some  of 
which  are  due  to  the  superficial  movement  of  the  beds  on  the 
underlying  clays  composing  long  gentle  slopes  or  valley-sides. 
These  rarely  achieve  the  same  prominence  as  they  do  in  the 
Northampton  Sand  Ironstone  field,  and  do  not  complicate  the 
workings  to  the  same  extent  (Fig.  3),  a  matter  referred  to  later. 
Almost  everywhere  the  Marlstone  ironstone  is  free  from  compli- 
cated geological  structures  and  thus  is  admirably  suited  to 
development  by  opencast  methods. 

Like  the  Frodingham  ironstone  the  Marlstone  stone  is  calcareous 
and,  in  its  unoxidized  state,  greenish-grey  in  colour,  often  oolitic 
in  texture,  and  sometimes  shelly.  At  outcrop,  and  for  a  limited 
distance  beneath  the  succeeding  impervious  shales  and  clays  of 
the  Upper  Lias,  it  is  usually  thoroughly  oxidized  to  a  brown 
hraonitic  ironstone,  and  only  in  this  state  is  it  usually  found  to  be 
of  workable  quality.  In  many  places  throughout  the  field  it  varies 
laterally  into  unworkable  ferruginous  shelly  limestones  and  almost 
everywhere  the  ore  is  underlain  by  an  almost  equal  thickness  of 
calcareous  sandstones  and  shelly  limestones.  ^These  *  bottom  beds ' 
are  sometimes  quarried  for  building  stone  in  conjunction  with  the 
development  of  the  workable  part  of  the  Marlstone  Bock  Bed. 
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Where  of  workable  quality  the  Marlstone  ironstone  varies  from 
20  to  28  per  cent  iron,  7  to  12  per  cent  silica,  4  to  12  per  cent 
alumina,  1  to  15  per  cent  lime,  and  10  to  25  per  cent  moisture. 
From  experience  it  has  been  found  that  the  ore-bed  is  almost 
always  comparatively  unoxidized,  and  hence  unworkable,  beneath 
80  ft.  to  40  ft.  of  the  impervious  cover  of  Upper  Lias  shales  and  clays. 
Where  the  ore-bed  is  waterlogged  it  is  sometimes  oxidized  to  a 
workable  degree  at  slightly  greater  depths.  Beneath  over- 
burden largely  composed  of  glacial  gravels  and  boulder  clay 
the  ironstone  is  found  in  a  workable  condition  at  greater  depths 
than  40  ft.,  since  in  such  places  the  ore  has  been  oxidized  prior 
to  the  formation  of  the  glacial  deposits.  For  example,  the 
deepest  workings  in  the  Marlstone  ironstone  occur  at  Eastwell, 
near  Melton  Mowbray,  where  the  cover,  which  is  over  40  ft. 
thick  at  the  east  end  of  the  pit,  is  composed  largely  of  boulder 
clay.  It  is  also  noteworthy  that  in  this  same  district,  as  in  other 
restricted  parts  of  the  field,  the  Marlstone  ironstone  contains  iron, 
silica,  and  lime  in  such  proportions  as  render  it  an  almost  self- 
fluxing  ore.  Elsewhere  the  greater  part  of  the  output  of  this 
ironstone  is  blended  with  the  siliceous  Northampton  ironstone  to 
somewhat  the  same  degree  as  the  Frodingham  ore. 

Originally,  the  Marlstone  ironstone  was  quarried  by  hand,  but 
now  the  ore  and  overburden  are  handled  bv  mechanical  excavators. 
As  a  consequence  of  the  shallow  depth  at  which  the  ore  occurs  over 
large  parts  of  the  field,  and  the  remarkable  simplicity  of  the 
geological  structure  of  the  area,  lar^^e  pits  have  been  developed  at 
many  places,  particularly  in  Oxfordshire.  The  largest  outputs  of 
this  ore  have  been  obtained  from  the  Wroxton  district,  near 
Banburv,  where  the  overburden  rarelv  exceeds  10  ft.  Extensive 
workings  also  occur  in  the  Melton  Mowbray  district.  At  Harlaxtou, 
Lines.,  an  opencast  pit  has  been  opened  up  recently  in  this  iron- 
stone, which  crops  out  from  the  base  of  the  Lincoln  Cliff.  In 
conjunction  with  this,  the  same  company  is  also  workinix  the 
Xorthanipton  ironstone,  which  crops  out  on  the  escarpment  above. 
At  Caythorpe  the  deposit  is  about  9  to  12  ft.  thick,  but  further 
north,  beyond  the  village  of  Leadenham,  the  deposit  has  nut  been 
found  of  workable  thickness  and  quality. 

The  life  of  this  field  is  somewhat  comparable  with  that  of  the 
Frodingham  ironstone  field,  but  estimates  at  this  stage  will  be 
seriously  affected  by  the  forthcoming  publication  of  the  results 
of  the  recent  survey  of  the  main  parts  of  the  Jurassic  ironstone 
field  by  the  (geological  Survey.  During  this  work  new  areas  of 
the  deposit,  not  accounted  for  in  previously  published  estimates 
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of  reserves,  have  been  found,  whilst  other  areas,  included  in  former 
figures,  can  now  be  shown  to  be  unworkable. 

The  NorihanvpUm  Ironstone. — This  ore-bed  occurs  above  the 
Upper  Lias  clays.  In  north  Lincolnshire  the  deposit  is  unwork-» 
able,  but  at  Greetwell,  near  Lincoln,  some  9  to  12  ft.  of  ironstone 
has  been  mined  underground,  on  the  bord-and-pillar  system,  and 
in  opencast  pits  fairly  continuously  up  to  1988.  This  valuable 
deposit  has  now  been  exhausted.  Further  south  towards  Grantham 
the  ore  is  variable  in  quality  and  thickness,  but  has  been  worked 
at  a  few  places — such  as  Waddington  (opencast),  Coleby  (under- 
ground), and  Leadenham  (opencast).  South  of  Grantham  there 
are  extensive  reserves  of  workable  ore,  which  is  often  as  much  as 
26  ft.  thick.  Throughout  Rutland  the  deposit  thins  to  10  ft.  in 
most  parts,  but  in  Northamptonshire,  where  the  ore  averages  about 
12  ft.,  as  much  as  20  ft.  of  ironstone  has  been  worked  in  places. 
In  the  western  and  southern  parts  of  this  county,  however,  the 
ironstone  deteriorates  rapidly  in  quality  and  passes  laterally  into 
ferruginous  sands,  sandstones,  and  sandy  limestones. 

In  its  unaltered  state  the  Northampton  ironstone  is  greenish- 
grej^  in  colour  and  contains  a  relatively  high  percentage  of  silica. 
Over  large  areas  it  has  been  oxidized  to  a  brown  limonitic  iron- 
stone, which  is  richer  in  iron  but  contains  a  proportionately  lower 
lime-content  and  a  higher  concentration  of  silica.  The  ironstone 
worked  at  the  present  time  averages  about  28  to  36  per  cent  iron, 
10  to  20  per  cent  silica,  4  to  12  per  cent  alumina,  1  to  12  per  cent 
lime,  and  8  to  22  per  cent  moisture. 

As  in  the  case  of  previously-mentioned  deposits  this  ironstone 
has  been  oxidized  to  a  considerable  extent  by  percolating  waters. 
The  entry  of  this  water  is  often  governed  by  the  permeability  of 
the  strata  immediately  overlying  the  ironstone.  In  addition  it 
is  affected  by  the  circulation  of  underground  waters  collected  at 
outcrop.  Thus,  in  the  choice  of  suitable  sites  for  working  iron- 
stone such  hydro-geological  factors  have  to  be  considered.  In 
places,  where  the  ironstone  is  overlain  by  impervious  clays  and 
silts  of  the  Lower  Estuarine  Series,  it  is  often  unoxidized  at  shallow 
depths.  In  other  areas,  where  the  ironstone  is  succeeded  by  sands 
and  silts  and  loosely-jointed  limestones,  the  ore  is  often  thoroughly 
oxidized  beneath  considerable  thicknesses  of  overburden.  In 
general,  the  ironstone  is  less  affected  by  oxidation  as  it  is  worked 
down  dip  in  an  easterly  direction  and  a  stage  is  reached  where  the 
green  ironstone  is  of  unworkable  quaUty.  In  many  places  the 
partly-oxidized   green  ironstone    is   calcined  itv  raoxni^^,   ^\\>DL«t 
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within  the  confines  of  the  opencast  pit  (Fig.  11),  or  at  a  point 
conveniently  near  a  railway  line. 

Generally  the  Northampton  ironstone  dips  gently  towards  the 
east,  but  in  many  places  the  dip  ia  increased  by  small  folds,  and 
the  bed  dislocated  by  faults.  Usually  these  geological  structures 
are  due  to  superficial  movements  known  as  '  cambering  '.(')  The 
outcome  of  such  cambering  has  been  to  produce  fissures  in  the 
ironstone — known  as  '  guUa  '—which  are  often  filled  with  sands, 
claj's,  and  silts  derived  from  the  overlying  Lower  Estuarine  Series. 
Large  cavities  and  open  joints  are  also  formed  in  the  Lincolashire 
limestone  as  a  result  of  such  movements  (Pig.  3). 

In  addition  to  gulls  these  superficial  movements  give  rise  to  the 
formation  of  closely- spaced  dislocations  known  as  '  dip-and-fault ' 


1~IG.  :i. — The  relation  of  superficial  disturbances  to  topography. 

strtictiirM.  TliL'se  coiisii^t  of  a  series  of  parallel  steeply -inclined 
fractures  betweun  which  the  bfds  are  tilted  sharply  downhill, 
causing  an  appreciable  downthrow  on  the  uphill  side  of  the  dislo- 
cations. A  step-faulted  iirrangeiuent  of  thf  beds  is  thus  formed 
ill  which  the  downhill  dip  of  the  strata  largely  compensates  the 
throw  of  the  faults,  Gulls  are  almost  invariably  developed  alon^ 
these  lin>-s  of  dislocation.  The  presence  of  these  structures  often 
obstnicis  the  working  of  ironstone  by  opencast  methods. 

The  estimates  of  reserves  of  Northampton  ironstone  already 
mentioned  C)  cover  81.400  acres,  .\eceptinf;  this  estimate  it  is 
evident  that  this  extensive  ore-bed  (which  averages  10  ft.  thick) 
has  a.  probable  hfe  of  about  200  years  if  the  1943  output  of  9,594,000 
(ons  is  to  be  maintained.     K  Wft*  V'*'^''  "^  these  reserves  of  iron- 
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stone  lies  at  depths  beyond  the  range  of  present-day  excavators 
and  even  now  many  of  the  opencast  pits  in  the  Northampton 
ironstone  are  rapidly  approaching  the  limits  of  workability.  Thus, 
there  will  be  a  strong  tendency  to  replace  opencast  workings  by 
underground  mines  (of  which  three  are  at  present  in  production) 
if  the  Northampton  ironstone  is  to  maintain  its  present-day 
position  as  producer  of  more  than  half  the  total  output  from  the 
Jurassic  ironstone  field  (Fig.  2). 

Geological  Factors  in  Opencast  Mining  of  Ironstone 
From  experience  it  is  suggested  that  the  following  systematized 
approach   to   the   planning   and   development   of   opencast   sites 
results  in  a  minimum  expenditure  of  time  and  money  in  working 
ironstone  and  similar  bedded  deposits  : 

(1)  Suitable  sites  are  selected  from  the  6-in.  geological  maps. 

(2)  The  selected  site  is  investigated  by  examination  of  existing 
.outcrops,  followed  by  trial  holes,  or  trenches,  put  down  at  point* 

selected  by  the  geologist  to  indicate  the  overall  quality  of  the 
ironstone. 

(3)  If  the  deposit  proves  workable  at  this  stage  the  site  is  further 
probed  by  a  series  of  boreholes  put  down  at  carefully  selected  points 
to  prove  the  maps  of  the  geological  survey,  and  to  give  additional 
information  regarding  the  quality  of  the  ironstone  and  the  nature 
and  thickness  of  the  overburden.  The  level  above  ordnance  datum 
should  be  taken  of  the  top  of  each  borehole. 

(4)  With  this  information  Isopachyte  Plans,  showing  the  dis- 
tribution of  equal  thicknesses  of  overburden,  and  Contour  Plan^ 
showing  the  disposition  of  the  ore- bed  at  depth  should  ])e  con- 
structed. These  plans  should  be  drawn  to  a  scale  equal  to  that 
to  be  employed  in  the  construction  of  the  lay-out  of  the  opencast 
operation.  The  isopachyte  plans  will  indicate  the  limits  of  work- 
able thicknesses  of  overburden  and  will  provide  the  basis  for 
estimating  the  amount  of  discharged  overburden  involved  in 
effecting  the  final  restoration  of  the  site.  Contour  plans  are 
necessar}'  for  the  top  or  bottom  of  the  ore-bed,  as  the  variations 
in  gradient  of  the  deposit  frequently  bear  no  resemblance  to  the 
topography  of  the  site.  Such  plans  will  assist  the  engineer  in 
formulating  a  scheme  for  draining  the  mine  where  necessary. 

(5)  Where  the  ironstone  shows  groat  variation  in  composition  a 
plan  showing  the  distribution  of  the  principal  chemicJal  con- 
stituents of  the  ore-bed,  obtained  from  the  chemical  analysis  of 
the  borehole  and  trial-hole  samples,  will  assist  in  locating  the 
Workable  parts  of  the  deposit  an^  estimating  the  available  reserves 
of  ore. 


When  this  preliminary  survey  has  been  compleled  Ihe  Angineer, 
-  in  consultation  with  the  geologist,  is  then  in  a  position;  to  formulate 
the  lay-out  and  mode  of  development  of  the  mine  from  iha  initial 
exoavatiim  to  the  final  restoration  of  the  land  to  agrioiiltfire.  From 
the  plans  drawn  up  by  the  geologist  it  will  be  poteible  to  select 
the  most  advantageous  line  for  the  initial  guUet^.ithe  maohineiy 
necessary  to  deal  with  the  type  and  thickness  of  overbuxdan  over 
the  whole  site,  and  to  anticipate  the  obstacles  imposed  by  geological 
disturbances.  In  addition,  by  adopting  this  orderly  approach  to 
the  problem,  it  should  always  be  possible  to  incorporate  the 
restoration  of  the  worked-out  areas  into  the  mining  operation  as 
a  whole,  and  so  effect  it  expeditiously. 

Overburden, — In  areas  seleated  for  opencast  mining  not  only 
the  thickness,  but  the  composition,  oi  the  overburden  must  be 
considered,  as  upon  this  will  depend  the  choice  of  excavators  to 
be  used,  the  depth  to  which  the  ore  can  be  excavated,  and  the 
width  of  the  excavation.  Power  shovels,  which  always  excavate 
above  the  level  at  which  they  stand,  are  generally  used  for  digging 
hard  beds — such  as,  limestones,  sandstones,  and  ironstone, 
f^urther,  they  must  operate  as  far  as  is  possible  on  a  solid  founda- 
tion, so  that  where  the  ironstone  is  of  workable  quality  down  to 
the  level  of  the  underlying  Lias  clays  a  thin  layer  of  the  ore  has 
to  be  allowed  to  remain  un worked  as  a  foundation  for  the  machine, 
since  a  shovol  would  undoubtedly  becomo  seriously  bogged  in  the 
clays  during  wet  weather. 

The  largest  power  shovel  at  present  in  use  in  the  ironstone  field 
for  stripping  limestone  overburden  weighs  about  700  tons.  It  is 
mounted  on  four  rail-bogies,  and  fitted  with  a  bucket  of  9-  to 
ll-cu.  yd.  caf)acity,  and  discharges  overburden  at  a  distance  of 
about  105  ft.  This  machine  is  also  capable  of  dealing  with  as 
much  as  55  ft.  of  overl)nrden  and  excavates  at  a  rate  of  about 
300  yds.  por  hour.  In  some  places  the  maximum  thickness  of 
ovor])urd('n  to  b(»  removed  by  power  shovels  has  been  seriously 
undorestimated  at  the  outset  of  the  operation.  This  has  resulted 
in  either  an  t^xpensive  replacement  of  the  machines  by  others  of 
more  adequate  capacity,  or  with  the  equally  expensive  intro- 
duction of  additional  stripping  machines  of  various  types  to  deal 
with  the  overl)ur(len  in  excess  of  the  capacity  of  the  original 
machyie  (Pig.  4). 

Sands,  gravels,  and  clays  can  bo  removed  with  ease  by  a  dragline 
excavator,  which  is  also  capable  of  digging  loose  beds  of  ironstone 
and  limestone,  as  well  us  more  compact  beds  if  they  have  been 
well  shattered  by  blasting  beforehand.    This  machine  has  several 
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advantages  over  the  power  shovel,  but  unfortunately  its  digging 
power,  as  yet,  is  not  as  great.  The  dragline,  which  nonnally  digs 
to  best  advantage  beneath  the  level  at  which  it  stands,  is  capable 
of  discharging  the  excavated  material  at  considerable  distances 
away  from  the  working  face.  Further,  it  possesses  the  ability  to 
dig  materials  selectively.  Thus  it  is  able  to  remove  and  discharge 
soil  and  overburden  separately,  and  a  dextrous  operator  finds 
little  difficulty  in  discharging  them  in  a  levelled  condition  on  the 
worked-out  areas.  Draglines  therefore  are  being  used  to  an  ever- 
increasing  extent  on  sites  where  the  restoration  of  the  worked-out 
areas  to  agriculture  forms  part  of  the  opencast  operation  (see 
Fig.  16,  Plate  I). 

Dragline  excavators  are  usually  mounteid  on  caterpillar  tracks,  but 
about  five  years  ago  *  Walking*  draglines  (Fig.  8  and  Fig.  16,  Plato  II) 
were  introduced  into  the  field.  The  walking  device  replaces  the 
usual  caterpillar  tracks  and  the  machine  is  mounted  on  a  hollow 
circular  base,  20  to  30  ft.  in  diameter,  which  greatly  incn^ases  the 
stability  of  the  machine  and  enables  it  to  carry  a  much  longer 
boom  than  is  normally  fitted  to  cateirpillar-mounted  draglines.  In 
addition  the  walking  device  makes  it  possible  for  the  machine  to 
move  over  soft  ground,  in  which  draglines  were  previously  liable 
to  become  bogged.  In  this  country  the  largest  walking  draglines 
in  use  are  fitted  with  booms  over  150  ft.  long,  but  still  larger 
machines,  with  a  boom  length  of  over  200  ft.,  are  in  use  iii  the 
opencast  coal  workings  of  the  U.S.A. 

Tractor-drawn  scrapers  are  capabh>  of  removing  soft  beds  such 
as  sands,  shales,  clays,  and  sometimes  bould(»r  clays  (Fi^'.  4).  Tli(» 
presence  of  limestone  or  sandstone  in  the  overburden  prevents 
them  from  completing  the  stripping  operation,  so  that  care  has  to 
be  taken  to  ascertain  whether  such  beds  occur  in  the  overburden 
if  an  opencast  operation  using  tractor  equipment  is  envisaged. 
Scrapers  and  bulldozers  have  been  used  extensively  in  recent 
years  on  the  opencast  coal  sites  of  many  parts  of  this  country. 
To  a  much  more  limited  degree  the}'  have  also  been  employed  in 
the  ironstone  field  and  it  is  probable  they  will  find  increasing  appli- 
cation to  this  latter  operation  as  the  need  for  handling  overburden 
in  excess  of  the  present  equipment  occurs,  particularly  where  total 
restoration  of  the  worked-out  areas  is  enforced. 

The  Frodingham  ironstone  is  nonnally  succeeded  by  blue  clays, 
gravels,  and  blown  sands.  In  the  past  it  was  considered  inadvisable 
to  use  dragline  excavators  standhig  on  top  of  the  overburden,  as 
it  was  feared  that  the  overburden  would  not  withstand  the  load 
when  working  at  critical  angles  of  repose  of  the  clay^)  v^i^.,  v^\A 
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that  serious  slips  would  occur.  Such  slips  do  occur  in  the  some- 
what similar  cover-deposits  of  boulder  day  which  cover  parts  of 
the  Corby,  Northants.,  area.  Thus,  in  the  Scunthorpe  district  it 
was  considered  advisable  to  use  long-jib  power  shovels  working 
on  a  bared  bench  of  ironstone,  or  endless-bucket  excavators  and 
belt-conveyors  working  from  the  top  of  the  overburden,  for 
stripping  the  Frodingham  ironstone. 

In  late  years  this  danger  of  collapse  of  overburden  under  load 
was  averted  by  standing  the  dragline  excavator  on  a  bench  cut  at 
about  20  ft.  from  the  top  of  the  overburden.  From  this  level  the 
machine  drags  the  upper  part  of  the  cover  beds  down  towards 
itself,  and  discharges  it,  along  with  the  material  conjointly 
excavated  from  the  underlying  part  of  the  cover.  As  a  result  of  this 
modification  in  stripping  technique  the  largest  dragline  excavator 
in  the  ironstone  field  operates  in  the  Scunthorpe  district  baring 
Frodingham  ironstone.  This  machine  is  fitted  with  a  2^-cu.  yd. 
bucket,  a  boom  155  ft.  long,  and  is  capable  of  discharging  over- 
burden at  a  distance  of  150  ft.  At  the  present  time  it  is  removing 
about  25  ft.  of  cover,  but  it  is  hoped  to  work  to  a  depth  of  at  least 
60  ft.  with  the  machine. 

The  Northampton  ironstone  is  frequently  bared  by  dragUne 
excavators,  but  M^ere  the  cover  contains  thick  beds  of  hard 
Lincolnshire  Hmestone,  it  has  to  be  removed  by  long-jib  power 
shovels.  In  some  places  smaller  power  shovels  loading  into  skip 
transporters  are  used  to  maintain  a  wide  pit.  In  a  few  places 
where  the  Hmestone  has  been  sufficiently  well-shattered  by  blasting 
beforehand  it  has  proved  possible  to  maintain  a  wide  pit  with  large 
draglines  of  the  walking  type. 

The  gradient  at  which  the  overburden  will  stand  without 
collapsing  during  the  working  of  a  site  will  depend  upon  the  nature 
and  thickness  of  the  cover  and  the  period  of  time  that  elapses 
between  each  traverse  of  the  excavator.  From  experience  solid 
beds  of  sandstone,  limestone,  and  hard  shales  will  stand  at  a 
gradient  of  10  in  1,  but  if  these  beds  are  shattered  by  blasting,  or 
loosened  by  earth-movements,  forming  joints  and  fissures,  the 
slope  is  reduced  to  7  in  1.  When  these  beds  are  saturated  with 
water,  and  subject  to  frost  action,  these  gradients  are  greatly 
reduced.  Soft  beds — such  as  sands,  gravels,  and  clays — will  stand 
at  a  gradient  of  about  1  in  2.  In  large  opencast  pits,  where  the 
working  face  is  deep  and  long,  the  stripping  machine  ma^  only 
traverse  the  pit  about  once  every  three  weeks  or  so.  Under  these 
conditions  such  estimates  of  gradient  of  the  working  face  are 
reasonably  accurate.     Where  the  pit  is  smaller,  so  that  the  stripping 
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tnaohitie    traveraes    tbf    working    face    more    frequently,    ateoper 
gradients  can  be  Eoaintained,  even  in  soft  beds  of  clay,  if  these  are 
not  rendered  plastic  by  seepages  of  ground  water. 
Gbolooical  Structubr 

The  dip  of  the  strata  and  the  topography  of  the  land  largely 
detenoine  the  thicknL'Bs  of  cover  on  iionatone  within  an  area 
unaffected  by  faultB.  ThuB  the  ideal  is  reached  when  the  slope  of 
the  land  approximates  in  direction  and  degree  to  the  dip  of  the 
ore-bed.  The  presence  of  faulte  and  folds  naturally  affect  the 
amount  of  overburden  present,  and  in  addition  they  often  serionaly 
hinder  the  smooth  working  of  an  opencast  pit,  since  luecbaoioal 
excavators  work  to  fullest  advantage  on  level  or  evenly  inclined 
surfaces. 

The  geological  structure  of  the  Frodingham  ironstone  is  remark- 
ably simple!  The  beds  dip  gently  eastwards  at  rarely  more  than 
2°  and,  apart  from  small  folds,  which  usually  extend  from  north 
to  south,  and  faults  which  rarely  downthrow  the  beds  more  than 
10  ft.,  the  ironstone  preserves  a  very  even  surface  over  the  greatw 
part  of  the  field.  The  geological  structures  affecting  the  Marlstone 
ironstone  are  equally  simple,  but  in  a  few  places  this  ore-bed  is 
dislocated  sharply  as  a  result  of  superficial  earth- movements. 
Thus,  in  both  these  fields  the  ironstone  can  be  developed  in  pits 
of  great  length,  throufi^oat  which  the  inoreiMe  in  tbe  thiokness  of 
the  overburden  is  small. 

The  geologioal  Btmctures  afTecting  the  Northampton  ironstone 
ore  often  complicated,  and  in  many  placee  the  general  eastward 
dip  of  the  beds  is  not  evident,  since  the  ironstone  often  dips  at 
considerable  angles  in  various  other  direotiom  as  a  remit  of  the 
action  of  superficial  earth-movements  which  have  developed  daring 
-ralley  formation  (Fig.  8).  These  stmotorea  serioasly  obstract  the 
development  of  the  opencast  workings  and  in  not  a  few  oasee  have 
led  to  the  abandonment  of  the  site. 

'  Gulls '  (Fig.  3)  usnally  run  parallel  to  the  present  land  surface, 
or  at  right  angles  to  the  direction  of  maximum  gradient  of  the 
ground.  This  fact  is  of  considerable  engineering  value,  as  it 
influences  the  design  of  opencast  pits  in  areas  traversed  by  galls. 
Apart  from  leading  to  the  contamination  of  the  already  highly- 
ailiceouB  ironstones,  the  presence  of  gulls  in  the  ore  causes  con- 
siderable obstruction  to  the  development  of  pits.  In  the  past 
targe  areas  of  shallow  ironstone  have  been  abandoned  owing  to 
the  presence  of  gulls  filled  with  sands  and  clays,  but  now  their 
mode  of  occurrence  is  known  methods  have  been  devised  for 
working  such  areas. 
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lu  ctirtain  cases  it  has  bma  fouud  advuatageoiis  to  open  up  the 
pit  parallel  with  the  directiun  of  tho  giills.  Such  a  procedure  is 
poiisihie  only  whwi  the  iroijBtoiie  in  beiiuath  nhalluw  overburden, 
or  in  pIuct'H  wheru  both  uverburdim  and  ironstone  can  bo  reuiov<'d 
by  the  Haiiie  dragline  (h'ig.  5).  ,As  the  pit  dinelups,  aud  thf 
overburdeu  increases  to  the  extoiit  where  a  power  shovel  has 
to  be  eiuptuytid  for  retuoving  the  ironstone,  these  long  barriers  of 
siliceous  material  in  the  ironstone  will  seriousl}'  hamper  the  stetidy 
production  of  ore  from  the  pit. 


.1  restoring 


Fig.  e.^Dntgliiip  excavating  ironstone  from  1)i't«i.i.'r 
till!  worked -out  areas. 

A  :  Bucket  dij(({in};  ironslcinf. 
B  :  Bucket  digginn  overburden. 
bi^Mi'iilh  apprccinlilf  (hickTicxsrs  nf  .■chit,  nnd  piirticiilnrly  in 
plutes  where  Lineolnsiiiri' lioii'slour  fiiriits  ]iart  of  it,  uneli  ji  method 
is  not  U.o  siici-LKsful.  I'r<.iii.l,ly  llic  l„.st  nwr-.f^v  niiuin^'  egiulitions 
are  obtHinwl  when  the  workiu-  tuci-  is  uliKiu-d  ill  ri^lil  uiitflus  to  th,> 
run  of  the  gulls.     I'ndur  shallow  covlt  (his  operation  differs  ulightly 
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Erom  the  former  case  (compare  Figs.  S  and  6).  but  it  does  not  allow 
of  the  forinatioii  of  a  baulase  way  at  the  floor  of  the  pit.  Undtr 
deeper  cover  haulage  problems  are  easily  snlved  and  great  advan- 
ta<,'es  are  gained  by  niDuing  the  pit  at  right  atiglfs  to  the  lino  of 
the  gulls  (Fig.  7). 

Where  power  shovels  have  to  be  employed  an  almost  continuous 
output  of  ore  can  be  maintained  if  this  aUgnment  is  adopted.  In 
this  way  the  rock-digger  excavating  ironstone  loads  ore  until  that 
port  of  the  gull  exposed  by  the  stripping  machine  is  encountered. 
It  pauHos  JH  removing  ironstone  and  ripx  out  the  clays  and  sands 
discliarging  them  clear  of  the  haulage  road,  and  then  resiimes  its 
task  of  liiading  ore.  Further,  if  considerable  thicknesses  of  lime- 
oec  r       tl  rl    ri  n    tea    1     re  I  ^  th  co  s  d  rably 


Fig.  7. — Power  shovels  excavating  ironstonp  and  overburden  at  right 
angles  to  the  lioe  of  the  gulls, 
greater  ease  in  this  direction,  since  the  beds  have  been  loosened  by 
the  downhill  cambering  of  the  strata  In  addition  the  shot  holes 
for  blaitni^  the  hmestonei  can  bt  locatt  d  so  that  the>  achieve  the 
niaMtnum  i  ffect  bj  bemg  placi  d  in  f  h  unbroken  limesf  me  between 
the  gulls 

The  presence  of  dip  and  fault  structures  \n  an  area  to  be  opened 
up  calls  for  dost  consideration  bo  far  such  atruclures  have  not 
been  eiiconntertd  in  the  trodmghain  ironstoni  and  it  is  unlikely 
that  thej  will  occur  as  the  on  bid  ihows  httle  sign  of  superheial 
movement  on  account  of  its  occurrenct  in  ground  of  low  rehef 
Occasionallv  dip  and  fault  structun  s  occur  in  the  Maristone  iron 
stone,  but  their  effi  ets  are  ne\er  as  wrious  as  thote  which  affect 
the  Niirthanipton  iroustone  at  iiianj  places  Two  notable  occur 
rencfs  in   the  latter  ore-bed  are  at   Pitsford,  near   Briitwtitt.t\, 
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Northant8.{*),  and  fhp  diansed  workings  at  Wakerley,  near 
Barrowdpn.  In  both  places  the  working)*  are  aligned  at  right 
anglft*  to  the  strike  of  the  faultd.  Sneh  an  ahgnmnnt  has  certain 
advaiifaKeB,  one  heing  that  as  the  workings  advaiitre  npfaill  into 
deeper  cover  they  will  croSH  at  riglil  angles  the  almoRt  inevitablp 
zone  of  ironstone  traveriwd  by  gtills  (Pig.  3).  A  dtsadvantafie  lies 
in  the  nnevenness  of  the  Utp  of  thf*  ironstone,  which  can  only  be 
stripped  sncppfisfnlly  ,hy  a  dragline  excavator.  Further,  in  order 
to  maintain  nn  even  floor  to  the  pit,  the  machine  excavating  iron- 
stone must  remove  sections  of  nptiltod  strata  underlying  tha  work- 
able ironstone  (Kig.  8). 


Wh 


I  tlixir  )»  III'' 


(Fi^'.  !!)  it  is  [inssibl.i  to  niniiihiin  a  mm:-  i.r 
workings.  An  iidditional  ;idvantiige  urisi^s  fioni  being  iilih'  rn 
.■xeiiviite  bntli  ironstnii,.  ,ijiil  nvibiinleii  willi  ^-ri'aler  ease,  i^inr.' 
these  beds  dip  downbill  ;ijh1  have  been  fnu-lnted  by  snperJirial 
TTii.vi'infmt.  Fiirlber,  llie  slrippiofj  of  nveibiinleii  is  not  uwes- 
snrily  confined  to  the  dr.-igline  if  llie  pit  is  alij;ned  in  Ihi^  direction. 
for  power  shovels  cnn  operate  from  such  dislocated  bctiches  i>t 
ironstone. 

As  snch  pits  ndviuicc  uphill  the  dip-Jind-fanlt  strncf  nres  diminish 
and  the  worki!ij,'S  eiiler  tli.-  /..ue  where  111.-  iroti-itone  is  tniverr^eil 
by  gulls  (Fig.  3).  which  will  evL^oil  pnriillel  l.i  the  trend  of  (h- 
B'orkinj,'!".     This  will  offer  no  serious  disadvantage  in  places  where 
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the  overburden  can  be  removed  by  a  dragline,  but  where  the  over- 
burden 13  heavy  and  power  shovels  are  employed,  the  alignment 
of  the  workings  will  have  to  be  re-orientated  to  traverHe  the  gulls 
at  right  angles. 

Valky  Bulifes. — These  are  also  the  result  of  superficial  movement 
consequent  upon  valley  formation.  In  their  simplest  form  they 
consist  of  '  anticlinal  uprises  of  the  material  composing  the  valley 
floor  .  ,  .  as  a  simple  or  compound  fold,  or  a  series  of  discon- 
tinuou:;  elongated  domes  '.(*)  Valley  bulges  are  responsible  tor 
areas  of  outcrop  ironstone  that  have  led  mining  engineers  to 
undertake'  much  fruitless  exploration,  as  such  occurrences  o(  ore 
are  always  severely  disturbed  and  of  limited  individual  extent. 


FORMEO  ALONG  r*ui,T  LINE, 


Fig, 


tripping  overburden  from  ironstone  dislocated  by 
pit  lying  parallel  to  the  lines  of  dislocation. 
tjiu'h  ar^as  should  be  avoided  unless  it  has  been  established  beyond 
doubt  (hat  the  ironstone  on  either  side  of  the  valley  is  not  at  too 
great  a  depth,  badly  waterlogged,  or  severely  affected  by  associated 
disturbances. 

In  addition  to  dislocations  caused  by  superficial  movements  the 
ironstone  deposits  are  traversed  occasionally  by  normal  faults. 
Where  beds  have  been  displaced  by  such  structures,  even  to  the 
small  extent  of  6  ft.,  they  markedly  influence  the  development  of 
the  site.  In  Fig.  10a  the  site  has  been  opened  up  at  right  angles 
to  two  small  faults.  As  a  result  difficulties  are  invoked.  First, 
the  digger  stripping  overburden  has  to  leave  a  rarap  of  unexcavated 
overburden  wherever  it  traverses  the  fault-line  in  order  to  move 
from  one  displaced  part  of  the  ironstone  to  the  other.  Similarly, 
the  digger  loading  ore  must  be  raised  from  one  level  to  the  otliet. 
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Fic  10a. — Power  shovels  stripping  overburden  and  excavating  ii 
along  a,line  at  right  angles  to  the  faults. 

or  dropped  down  as  the  case  may  be,  when  it  encounters  a  fault. 
As  a  result  it  will  be  forced  to  leave  part  of  the  ore-bed  in  the  pit 
as  it  digs  its  way  to  the  displaced  level  of  the  ironstone.  Apart 
from  the  difficulty  of  maintaining  continuous  output,  under  sucb 
conditions  the  uneven  nature  of  the  floor  of  the  pit  will  make  the 
maintenance  of  a  haulage  system  difficult.  These  difficullies  recur 
each  time  the  faults  are  encountered  and  iiiti-rriipt  the  even  tenor 
of  the  mining  operation. 

If  the  site  had  been  designed  with  (he  workings  running  parallel 
to  the  line  of  the  faults,  or  uearly  wu  (Fig.  lOu),  such  difficulties 
would  nut  have  occurred.     On  meeting  the  fitult  the  woikings«re 
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dropped  'OT  raised  to  tbe  level  (A  the  displaced  ironstone  and  the 
pit  proceeds  in  a  norroal  faahioQ. 

The  fot^^oing  examples  serve  to  illustrate  the  fundamental 
importance  of  a  thorough  geologioal  examination  of  the  site  and 
the  need  for  the  production  of  comprehensive  plans  before  the 
initial  gullet  is  opened  up.  The  ideal  shape  for  the  workings  is 
semi- circular,  with  both  ends  open  so  that  the  ore-wagons  can  run 
out  of  the  pit  at  either  end.  Snch  pits  are  not  always  possible  to 
devise,  but  at  Stainby  the  Stanton  Ironworks  Company  has 
realieed  this  ideal  in  an  area  where  the  cover  on  the  ore  bed,  com- 
posed of  unworkable  ironstone,  is  thin  (Fig.  11).*    The  dragline  in 


mrlitt,  1936,  Rochester. 
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the  distance  in  Fig.  11  strips  soil  and  overburden  eonseoatiyelj  and 
discharges  them  in  a  levelled  fashion  on  the  worked-oat  ground. 
The  soil  is  discharged  on  to  a  strip  of  overburden  which  has  been 
previously  levelled.  Thus  strip  by  strip  the  worked-oat  area  is 
levelled  and  resoiled  (see  Fig.  15,  Plate  I). 

The  power  shovel  excavating  ironstone  removes  the  ore,  then 
makes  a  half-circle  turn  and  discharges  it  on  to  the  layer  of  lump 
coal  previously  placed  on  the  floor  of  the  pit.  At  intervals  small 
coal  is  added  to  the  dump  of  ironstone  fom&ed  behind  the  digger. 
At  the  other  end  of  the  pit  the  coal  is  ignited  and  the  ore  is  pro- 
gressively calcined  as  the  fire  bums  forward  along  the  heap.  When 
calcination  is  complete  at  one  end  of  the  dump,  as  in  the  fore- 
ground, a  power  shovel  loads  the  ore  into  wagons.  The  formation 
of  such  calcining  heaps  within  the  workings  not  only  saves  space, 
but  reduces  the  number  of  times  the  ore  has  to  be  handled  by 
diggers. 

At  Stainby  the  pit  is  concave-outwards  in  shape,  but  elsewhere 
it  has  been  suggested  that  semi-circular  pits  which  are  convex- 
outwards  in  outline  are  more  suitable.O  However,  the  advantages 
are  shared  by  both  types  of  working,  since  they  both  provide  a 
greater  area  for  dumping  overburden  and  a  clear  swing  is  afforded 
to  each  machine  at  either  end  of  the  pit.  Thus  the  digger  exca- 
vating ironstone  is  always  able  to  work  clear  of  the  machine  which 
strips  overburden  when  it  proceeds  to  work  in  the  reverse  direction. 
However,  such  *  open-end  '  workings  are  not  always  practicable. 
For  example,  in  the  country  east  of  Corby,  Northants.,  many  of 
the  ironstone  pits  of  the  future  will  be  forced  to  begin,  not  at 
outcrop,  but  in  the  heart  of  the  deposit  beneath  considerable  thick- 
nesses of  cover.  This  is  due  to  the  localized  workable  nature  of 
the  ore-bed.  Thus,  if  the  geological  structure  of  the  area  is  such 
that  circularly  shaped  pits  are  not  practicable,  *  open-  or  fast -end ' 
box-cutting  will  have  to  be  resorted  to.  Wlierever  practicable  the 
*  fast-end  *  type  of  pit  will  be  avoided,  since  it  is  often  difficult  to 
maintain  adequate  space  for  the  excavators  to  turn  and  excavate 
in  the  reverse  direction.  To  achieve  this,  such  sites  must  be 
subjected  to  a  thorough  geological  examination  and  comprehensive 
mine  plans  drawn  up  to  minimize  the  effects  of  the  folds,  faults 
and  waterlogging  on  the  maintenance  of  *  open-end '  workings. 

The  opening  up  of  such  sites  is  illustrated  by  Fig.  12.  The 
shovel  *  A  '  removes  the  overburden  down  to  about  half  the  total 
thickness  of  cover  on  the  ironstone.  This  gullet  should  be  as 
wide  a's  is  practicable,  but  usually  not  less  than  100  ft.  The  over- 
burden is  loaded  into  wagons,  running  on  a  temporary  track,  on 
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one  or  other,  or  both  sides,  of  the  pit,  and  is  transported  to  the 
point  estimated  as  being  the  limit  of  the  workings,  to  be  used  for 
restoration  purposes.  Shovel  '  B  ',  the  largest  of  the  machines,  is 
used  eventually  to  strip  the  full  thickness  of  overburden. 

At  this  stage  it  digs  down  to  the  level  of  the  ironstone,  but  not 
for  the  whole  width  of  the  first  gullet,  and  loads  the  overburden 
on  to  the  platform  formed  by  the  remaining  part  of  the  gullet, 
Rock-nftvvy  '  C  '  follows  behind  machine  '  B  '  digging  the  exposed 
ironstone,  but  all  the  while  leaving  a  retention  bench  on  the  down- 
dip  Bide  of  the  excavation 


Fig.  12.— Rock- 


openmg.up  a 


e  by  box-cutting. 


BbstoratiOn 
In  the  past  large  areas  of  the  ironstone  field  have  beon  devastated 
by  opencast  mining,  since  in  a  number  of  places  no  attempt  has 
been  made  to  restore  the  land.  Apart  from  the  obvious  wastage 
in  valuable  agricultural  land  when  the  overburden  is  left  in  rough 
'  hill-and-dale  '  formation,  it  forms  a  breeding  ground  for  rabbits 
and  other  vermin  and  becomes  a  centre  for  the  dissemination  of 
weeds.  While  condemning  this  practice  it  should  be  borne  in 
mind  that  in  the  days  when  this  ground  was  being  worked  the 
power  shovel  was  the  only  type  of  excavator  available.  The 
employment  of  hand-labour  for  this  task  would  have  been  too 
heavy  a  charge  to  put  on  ironstone,  the  market  value  of  which. 
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even  at  the  preseut  time,  is  rarely  laciro  tli&ii  five  abillutgs  per  ton 
on  rail.  It  is  therefore  neoessarj  to  meiirporate  the  prooeas  oi 
reHtoration  into  the  mining  operation  aa  a  wholt  {sexi  Fi^.  4,  5,  fi, 
and  11).  so  that  it  can  be  discfaarged  vrith  th<i  miuiuium  t)xpeaditurs 
of  money  and  time. 

TMiere  power  shovels  are  employed  for  excavating  the  over- 
burden, they  discharge  it  in  '  bill-and-dale  '  formation  (Pig.  4). 
The  height  of  the  hills  is  dependent  on  the  type  of  ftxcavator 
(or  transporter)  and  the  thiokitess  and  nature  of  the  overburden. 
The  more  pronounced  the  hill-and-dale  eharocter  becoiuea,  th» 
more  expensive  it  is  to  level ;  therefore  attempts  should  be  made 
to  vary  the  dumping  points  as  frequently  as  possible  so  thai 
material  is  continually  being  discharged  into  the  '  dales  '.  Power 
shovels  are  incapable  of  taking  part  in  the  levelling  of  the  discharged 
overburden  and  they  are  also  unable  to  strip  the  soil  prior  to  the 
excavation  of  the  cover.  Therefore,  in  all  areas  where  they  art- 
employed  care  must  be  taken  to  remove,  and  store,  the  soil  in  a 
suitable  place  clear  of  the  ground  to  be  worked  over,  ftliere 
power  shovels  are  indispensable  it  should  not  prove  difficult  to 
arrange  for  tractor-drawu  scrapers  to  remove  the  soil  strip  by 
strip  as  the  pit  develops  and  then  relay  it  over  those  parts  of  the 
worVf-d-out  areas  which  have  been  levelled  by  tractor  equipment. 

Where  dragline  excavators  can  be  employed  hill-and-dale 
formation  can  be  avoided  or  reduced  to  a  minimum.  A  dextrous 
operator  is  able  to  fling  the  bucket,  at  the  point  of  discharge,  in 
such  a  way  that  the  material  is  spread  over  the  previously  excavated 
area  (Fig.  16,  Plate  I).  These  machines  are  also  capable  of  levelling 
each  panel  of  overburden  and  layering  it  with  soil  obtained  from 
the  next  piece  of  ground  to  he  removed.  In  this  way  the  final 
restoration  of  the  land  becomes  an  essential  part  of  the  mining 
operation  and  proceeds  with  the  development  of  the  pit. 

Fig.  13  shows  a  working  face  (diagrammatic ally  foreshortened) 
which  has  been  developed  in  conjunction  with  the  reitoratioo  of 
the  land.  The  soil  from  Plot  1  was  stripped  and  discharged  into 
a  heap  located  at  Z.  The  overburden  from  Plot  1  was  afterwards 
removed  and  dumped  and  levelled  on  the  area  1a,  hut  at  the  aame 
time  the  excavator  was  removing  the  ironstone  a  little  ahead  ol 
the  discharged  material  (Fig.  6).  The  soil  from  Plot  2  waa  osed  to 
resoil  the  levelled  overburden  excavated  from  Plot  I,  and  the 
overburden  in  Plot  2  discharged  into  area  2a,  which  had  hy  nov 
been  cleared  of  ironstone.  In  this  way  the  dragline  traversed  the 
first  strip  to  Plot  7,  when  it  was  placed  at  point  X  to  remil  the 
overburden  of  Plot  7a  with  soil  taken  from  Plot  8.    The  ewvator 
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theD  proceeded  to  re-tr»verBB  the  pit  in  the  opposite  directioo, 
digging  ironstone,  excavating,  levelling  and  resoiiing  the  overbarden 
in  the  same  way  as  before.  The  discharged  overbarden  Irom  tb» 
last  plot  of  this  strip  was  lesoiled  by  placing  the  escavatw  at 
point  Y  to  strip  the  soil  from  Plot  15.  In  this  way  the  site  was 
systematically  exploited,  and,  at  the  end  of  the  operation,  the  ami 
from  Plot  1  was  used  for  resoiling  the  last  plot  and  the  land  was  in 
A  fit  state  to  be  returned  to  agriculture. 

In  piu  where  the  stripping  machine  is  unable  to  dischai^e  the 
excavated  overburden  sufficiently  distant  from  the  bared  ironstone. 
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it  is  assisted  either  by  transporters  or  by  dragline  excavators 
standing  on  the  overburden  damped  on  the  worked-out  areas. 
Fig.  14  shows  a  dragline  assisting  a  power  shovel  in  piling  up  the 
overburden  and  so  maintaining  a  good  width  to  the  pit ;  in 
addition  this  machine  levels  the  overburden. 

The  incorporation  of  restoration  into  the  development  of  open- 
cast pits  necessitates  consideration  of  the  quantity  of  material 
required  to  fill  the  final  workings.  From  isopachyte  plans,  which 
show  the  variation  in  thickness  of  overburden,  the^  position  of  the 
end-stage  of  the  workings  can  be  determined.  The  width  and 
volume  of  the  final  workings  can  be  estimated  and  sufficient  material 
derived  from  stripping  overburden  can  be  transported  to  this 
point  in  sufficient  quantity,  not  only  to  fill  the  final  gullet,  but  to 
grade  the  worked-out  area  with  the  unworked  ground. 
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Notes  on  the  Estimation  of  Tonnage  and  Grade 

of  Some  Chromite  Dumps. 

By  N.  W.  Wilson,  Associate. 

Introduction 

In  the  South  African  winter  of  1944  the  writer,  as  referee,  estimated 
the  tonnage  and  grade  of  40  damps  of  friable  chromite  ore.  These 
dumps  ranged  in  size  from  less  than  200  long  tons  to  26,000  long 
tons.  As  little  detailed  information  is  available  in  technical 
Uterature  about  dump  surveys  and  samplings,  descriptions  of  the 
methods  used  and  of  the  results  achieved  may  be  of  some  value. 

Tonnage  Estimates 

Estimation  of  dump  tonnages  is  in  two  stages :  Of  these  the  first 
is  to  determine  the  volume  and  the  second  is  to  find  the  average 
number  of  cubic  feet  of  the  undisturbed  mineral  as  it  lies  in  the 
dump  that  weigh  one  ton  ;  in  short,  the  tonnage  factor.  If  the 
calculated  tonnages  are  to  check  closely  with  the  railway  weights, 
as  they  should  for  dumps  of  a  valuable  mineral,  factors  concocted 
from  theoretical  ingredients  or  determined  in  artificial  conditions 
are  useless. 

Determination  of  Volume. — As  most  of  the  dumps  measured  were 
irregularly  shaped,  level  floors  being  exceptional,  it  was  decided  to 
contour  them  tacheometrically  at  intervals  of  1  ft.,  measure  the 
area  of  each  contour  (or  horizontal  section)  with  the  planimeter, 
and  compute  the  volume  by  either  the  prismoidal  formula  or  the 
end  area  formula,  whichever  should  be  appUcable.  Tacheometry 
was  done  in  the  usual  way,  but  to  lessen  the  number  of  *  spots ' 
needed  the  dump  surfaces  were  smoothed  out  by  pick  and  shovel 
before  the  survey  began.  *  Spots  '  were  placed  at  changes  of  slope 
and  along  the  peripheries  of  dumps.  Contours  were  then  inter- 
polated between  the '  spots  '  on  plans  to  the  scale  of  1/100.  '  Spots  ' 
over  100  ft.  from  the  tacheometer  were  co-ordinated  in  ord^t  i<^ 


=:  Area  of  upper  contour  in  three  adjacent  contours. 
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reduce  plotting  errors.    For  co-ordination  the  slide  xole  and  foor- 

fiigore  tables  of  natural  sines.and  cosines  were  used.    At  the  larger 

dumps  theodolite  and  steel  tape  traverses  were  run  to  fix  points 

from  which  the  '  spots '  might  be  observed.    The  elevations  of 

these  points  were  levelled. 

The  prismoidal  formtila  appUes  except  at  the  tops  and  bottoms 

of  dumps.    It  is  : 

J  (ai  +  «  4-  •;)  X  2h. 
wbete»  for  the  puipoees  of  this  Tpupet : 

aj  —       >y       lower,      ^^        >•      tf  »»  w 

h  aa  Cbntoor  interval  (1  ft.). 

The  application  of  tiie  end  area  fonmila  need  not  be  detailed  here. 

Calculations  are  straightforward  and  difficulties  only  arise  at 
the  top  and  bottom  of  a  dump.  At  the  top  of  a  dump  there  will 
be  *  spots  *  slightly  higher  than  the  topmost  contour.  If  there  is 
a  pronounced  peak  the  volume  may  be  approximated  to  a  pyramid 
and  the. formula  ^Ah  used,  '  A '  being  the  area  of  the  topmost 
contour  and  'h'  the  elevation  of  the  peak  above  the  contour. 
Alternatively,  should  there  be  a  large  flat  area  above  the  topmost 
contour,  with  no  decided  peak,  a  contour  should  be  interpolated 
at  an  interval  less  than  1  ft.  so  that  the  volume  may  be  calculated 
bv  the  end  area  fommla. 

At  the  bottom  of  a  dump  with  a  sloping  floor  there  will  be  a 

prismoid  with  sides  that  are  not  parallel.     For  rapid  calculation 

this  solid  is  divided  into  three  prismoids,  of  which,  in  cross-section, 

one  is  three-sided  and  two  are  four-sided.     The  volume  of  the 

three-sided  prism  is  computed  by  multiplying  its  mean  plan  area 

by  half  its  vertical  height : 

^1  +  ^1  V  hi 
2        ^  T 

To  compute  the  volume  of  four-sided  prism  Xo.  1  its  mean  plan 
area  is  multiplied  by  its  mean  vertical  height : 

a»  +  a4   ^    h,  -h  hg 
2  2 

Compared  with  the  total  volume  of  the  dump  the  volumes  of  the 
solids  calculated  bj-  these  approximate  formulae  (the  volume  of 
the  three-sided  figure  is  about  3  per  cent  greater  than  it  should  be) 
are  small  and  the  error  introduced  is  negligible.  The  volume  of 
four-sided  prism  No.  2  is  calculated  by  the  end  area  formula. 

Commonly  the  floors  of  dumps  were  regular  enough  or  the  dumps 
were  sufficiently  small  to  allow  contours  of  the  ground  below  the 
dumps  to  be  interpolated  between  *  spots  '  on  the  dump  peripheries. 
However,  there  were  three  dumps  (C,  D,  and  E)  in  which  ground 
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■  contours  had  to  be  defined  by  driviag  pipes  vertically  downwordi 
I  from  surveyed  points  until  the  ground  wag  reached.  Sloping 
f  buried  diywalle  built  on  the  upper  eides  of  the  three  dumps  to 
separate  them  from  waste  complicated  matters.  To  measure  the 
slopes,  pits  were  sunk  in  the  chromite  at  equal  intervals  along  the 
walls  ;  the  walls  formed  the  foot-walls  of  these  pits.  At  each  pit 
the  level  of  the  intersection  of  the  dump  surface  and  the  wall  was 
fixed  by  a  '  spot '  so  that  the  side  of  the  wall  facing  the  dump 
might  be  contoured.     Both  wall-contours  and  ground  contours 

»were  drawn  in  colour  to  distinguish  them  from  contours  oa  the 
dump  anrfaces,  which  were  in  black. 
How  the  owner's  engineers  check- surveyed  dumps  B,  C,  D,  and 
E  might  be  described  here.  The  method  is  quicli,  accurate  and 
well  suited  for  measuring  long  prism-shaped  dumps.  It  eliminates 
draughting  and  planimetric  errors. 

A  rectangle  with  its  long  sides  parallel  to  the  long  axis  of  the 
dump  is  laid  out  with  theodoHte  and  steel  tape.  Nails  marking 
stations  are  ahgned  precisely  along  both  long  sides  at  regular 
intervals.  The  theodolite  is  then  set  up  aucoessively  at  each  station 
BO  that  vertical  angles  and  slope  distances  (measured  with  the  steel 
tape  to  the  nearest  tenth  of  a  foot)  may  be  observed  along  vertical 
planes  of  section  passing  through  apposite  pairs  of  stations  (one 
on  either  side  of  the  dump)  at  right  angles  to  the  long  a\is  of  the 
dump.  In  each  plane  of  section  a  measurement  is  made  to  the 
foot  of  the  dump  and  then  to  each  change  of  slope.  Bxtra  sections 
are  surveyed  at  the  ends  of  the  dump  or  where  the  surface  is  much 


Vertical  and  horizontal  components  of  the  slope  lengths  are  then 
calculated  logarithmically  and  plotted  as  a  check  on  a  rough 
cross -section.  To  simplify  the  calculations  the  dump  (and  the 
cross -sections)  is  divided  longitudinally  into  two  parts  by  an 
imaginary  vertical  plane  passing  through  its  crest.  The  areas  of 
the  two  portions  into  which  each  cross-section  is  split  are  calcu- 
lated separately  and  then  added  together.  An  example  follows : 
PartLmrtina  Area 

No.  No. 


Arta 

Working 

Sg.  fi. 

32-6   X    414 

134M 

1   X     TO   X    4-14 

14-49 

22-8   X    2-82 

64-30 

1   X    97   X    2-82 

13-68 

13-7   X    3-6» 

49-18 

i   X    9-1    X    3-69 

16-33 

i   X  13-7   X    7-98 

54-06 

8-3   X  20-83 

110-40 

1   X  32-S   X  20-92 

34309 

800-68 
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This  quick  but  appruxjmate  calculation  may,  uken  tteceasary,  be 
corrected  to  absolute  accuracy  by  aubtracting  from  the  uorth  part* 
of  the  lamina  the  area  of  triangle  A,  or  : 

I  X  381  X  Ml   X  -;^ 

and  adding  to  the  south  part  of  the  lamina  the  area  of  the  triangle 
B.or: 

i  X  HB-fi  X  3t».5  X  -^ 
which  is  equivalent  to  adding  : 


<  (3»-5»— 38-l»)x 


77-U 


or:  l-5eq.  ft. 

The  correct  total  area  of  lamina  281)  is  thus  8C2-*2  sq.  ft.  From 
the  areas  of  the  laminae  and  the  horijionlal  distance  between  them 
the  volume  is  worked  out  by  the  prianioidal  formula. 

Evaluation-  or  Tonnage  Factor 
The  perfect  method  of  getting  the  tonnage  factor  of  a  material 
would  be-to  make  a  hole  in  it,  weigh  the  material  removed  from 
the  hole  and  determine  the  volume  it  occupied  in  place  by  tilling 
the  hole  with  a  measured  quantity  of  water.  Unfortunately,  for 
dumps,  which  ore  usually  porous,  this  method  must  be  modified. 
The  writer';;  iiiodiliuminii  was  to  use  umize  instead  of  water,  llaizu 
does  not  pack  appreciably  and  does  not  seep  away  through 
porosities  ;  on  the  other  hand,  the  grains  are  small  enough  to  fill 
cavities  in  the  walls  of  the  hole  into  which  they  are  poured.  For 
this  purpose,  therefore,  maize  has  the  advantages  of  a  liquid 
without  its  disadvantages. 

In  detail,  the  tonnage  factor  was  found  by  : 

(1)  Weighing  r  cu.  ft.  of  maize  (a  measure  with  a  radius  and 
depth  of  1  ft.  is  easy  and  cheap  to  make).  This  weight  varies 
slightly  for  maize  from  different  sources. 

(2)  Digging  a  pit  six  or  more  feet  square  at  the  top  to  a  depth 
which  depended  upon  the  depth  of  the  dump.  Usually  several 
pits  of  differing  depths  were  dug  in  each  dump  to  ascertain  if  the 
degree  to  which  the  mineral  was  compacted  changed  appreciably. 

(3)  Digging  in  the  bottom  of  each  pit  a  hole  from  1  to  3  cu.  ft. 
in  volume.  All  the  chromite  taken  from  this  hole  wag  sacked 
immediately  to  prevent  drying.  Th&  hole  was  then  filled  with  a 
weighed  quantity  of  maize.  Lastly,  the  chromite  that  had  heen 
sacked  was  weighed. 

Knowing  the  average  weight  of  1  cu.'ft.  of  the  maize  tliat  was 
used  the  volume  of  the  hole  from  which  the  chromite  had  been 
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taken  could  be  calculated  atod  thence  the  weight  of  chromite  per 
<;ubic  foot  and  the  number  of  cubic  feet  per  long  ton  could  be 
•deduced.     Some  tonnage  factors  are  given  in  Table  I. 


Table  I 

Long  Tonkaoe  Factobs 

Depth 

Volume 

Mean 

Long 

mp 

Long 

of 

of 

Long 

Long 

Tonnage 

Remarks 

o. 

Tonnage 

Pii 

Sample 

Tonnage 

Tonnage 

Factor 

(Ft.) 

{CuJD 

Factor 

Factor 

Adopted 

\ 

6,553 

4 

207 

110 

— . 

Dump   composed   of  chro- 

5 

2-42 

130 

mite  from  several  sources. 

4 

218 

120 

dumped    at    intervals    of 

6 

300 

10*8 

— 

some  months  with  differ- 

6-5 

2-66 

11-2 

— 

— 

ent  degrees   of  compact- 

6 

2-42 

11-6 

11-6 

11-6 

ness. 

Height  of  dump,  14  ft. 

jr 

565 

6 

2-90 

11-9 

11-9 

11-9 

Dumps  composed  of  chro- 
mite from  a  single  soiu^ce. 

Ei 

557 

6 

1-98 

11-8 

11-8 

11-9 

Maximum  height  of  dumps. 

L 

639 

6 

2-46 

121 

121 

11-9 

8  ft. 

B 

26,041 

4 

1-74 

111 

Dump    was    composed    of 

— 

5 

2-36 

11-6 

chromite    from    a    suigle 

6 

215 

120 

— 

source.  Tonnage  factors  of 

4 

206 

111 

the  order  of  1 1  represent  a 

4 

2-20    i 

120 

_> 

shell    beneath    the    dump 

9 

2-61 

120 

crest  which  had  been  com- 

4 

2-65 

121 

pacted  by  lorry  traffic.     A 

5 

1-83 

110 

weighted  mecm  was  used. 

10 

1-83 

12-2 

— 

but  was  unsatisfactory. 

— 

4 

2-43 

110 

11-6 

120 

Height  of  dump,  21  ft. 

* 

7,573 

4 

2-08 

11-6 

Chromite  from  same  source 

8 

118 

11-5 

— 

as  that  compK>8ing  Diunp 

4 

1-69 

121 

11-7 

11-7 

B. 

Height  of  dump  C,  13  ft. 

D 

193 

4 

1-84 

11-7 

11-7 

11-7 

Height  of  dump  D,  8  ft. 

£ 

13,182 

4 

201 

11-7 

^^-. 

Height  of  dump  E,  17  ft. 

4 

1-87 

12-7 

6 

1-47 

121 

• 

1^-2 

12-2 

To  deal  with  thoroughly  dry  ore  other  means  would  have  been 
devised,  but  luckily  when  freshly  dug  the  sides  of  excavations 
were  damp  and  stood  well.  Most  dumps  consisted  of  fines  mixed 
with  lumps  up  to  10  in.  in  major  diameter.  In  compensation  for 
these  lumps,  with  their  higher  density,  holes  were  made  as  big  as 
time  and  the  tendency  of  the  sides  to  crumble  would  permit.  The 
number  of  pits  dug  in  a  dump  depended  upon  : 
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(1)  Its  tonnage, 

{2)  how  many  sources  the  ore  came  from,  and 

(8)  costs. 
Without  reason  to  the  contrary  the  arithmetic  mean  of  the  restilte 
from  the  pits  was  accepted  as  the  tonnage  factor  for  the  dump. 

At  dump  B.  which  had  been  tipped  from  lorries  running  along 
Us  crest,  the  tonnage  factor  was  1 1  -0  in  a,  cnist  of  mineral  4  to  5  ft, 
thick  below  the  lorry  tracks.  Beneath  this  crust,  at  depths  of 
8  to  9  ft.,  the  factor  rose  to  12.  Lower  still,  it  nnist  have  fallen 
again  to  less  than  11  judging  by  the  average  factor  calculated  from 
■  the  cubic  footage  of  the  dump  and  the  railway  weight.  Immediately 
before  the  dump  was  measured  a  small  percentage  of  hard  and 
lumpy  ore  was  sorted  out  of  one  half  of  it.  The  friable  ore  that 
remained  was  then  shovelled  back  into  position.  These  operations 
caused  the  density  to  vary  unpredictably  and  increased  the  diffi- 
culty of  selecting  a  representative  tonnage  factor. 

As  a  check  upon  the  displacement  tonnage  factors,  factors  were 
twice  determined  for  loose  and  tamped  ore  by  weighing :  First,  a 
measure  filled  with  loose  ore,  and,  secondly,  a  measure  filled  with 
tamped  ore,  the  volume  of  both  measures  being  «■  cu.  ft.  The 
results  are  set  out  in  Table  II  ;  it  is  interesting  to  compare  them 
with  the  riverage  displacenii^nt  factors. 


Table  II 

Dump 

JtfM7> 

Tonnage  Factor 

Factor, 
LooteOre 

Tonnagt 

Factor, 

Colunuu 
3cmd4 

(1) 
1 
2 

(2) 
12-5 
H-7 

(3) 
14-95 
.    13-5 

(4) 
11 -S6 
10-7 

(6) 
13-4 
121 

At  the  first  dump  the  ore  in  the  measure  was  tamped  after  the 
measure  had  been  filled.    At  the  second  dump  successive  3-in. 
layers  of  ore  were  tamped  as  they  were  filled  Into  the  measure. 
Discussion  of  Results  of  Meabubembntb 

In  surveying  the  volumes  of  dumps  C,  D,  and  E  (Tables  III 
and  IV)  the  owner's  engineers  were  deliberately,  and  for  their 
purposes,  rightly  conservative.  Their  figures  for  these  dnmps  may 
therefore  to  some  extent  be  discounted.  .\t  dumps  A,  B,  and  G, 
and  H  and  I,  where  no  reserves  are  known  to  have  been  made  in 
the  surveys  or  the  calcnUtioos,  the  divergencies  of  the  two  sets  of 
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figures  from  the  arithmetic  mean  of  the  volumes  do  not  exceed 
•2-5  per  cent  and  for  dump  B,  which  was  reasonably  regular,  are 
only  0*6  per  cent. 

Table  IV  shows  that  the  average  computed  long  tonnage  factors 
were  too  big  at  all  those  dumps  of  which  the  probable  true  factors 
are  known.  As  factors  for  chromite  from  the  middles  of  the  two 
higher  dumps  (A  and  B)  near  ground  level  could  not  be  included 
in  the  figures  upon  which  the  averages  were  based,  the  differences 
between  the  computed  long  tonnage  factors  and  the  probable  true 
values  at  these  dumps  may  perhaps  be  attributed  to  compaction. 

From  the  admittedly  scanty  statistics  given  the  writer  deduces  : 
First,  that  the  volumes  even  of  irregular  dumps  may  be  fixed  up 
to  nine  times  more  accurately  than  their  tonnage  factors  ;  secondly, 
that  in  choosing  tonnage  factors  engineers  should  be  biased  in 
favour  of  the  smallest  figures  obtained. 

Sampling 

The  specifications  called  for  a  chemical  grade  of  chromite,  which, 
to  avoid  penalty,  had  to  contain  not  more  than  5  per  cent  SiOj 
or  less  than  44  per  cent  Cr^O,.  At  a  meeting  with  the  chromite 
producers  it  was  agreed  that  one  sample  should  represent  from 
^00  to  1,000  tons  of  ore.  In  practice,  as  most  of  the  dumps  were 
:8mall  and  came  from  a  number  of  sources  at  least,  one  sample  had 
to  be  taken  from  each  dump.  The  weight  of  ore  represented  by  a 
sample  thus  became,  on  the  average,  only  450  tons. 

Weights  of  samples  taken  ranged  from  1,000  lb.  to  2,000  lb., 
■according  to  the  maximum  size  of  the  lumps  and  the  depth  of  the 
dump.  Each  sample  was  composed  of  chromite  taken  from 
vertical  grooves  in  not  less  than  two  pits,  the  weight  taken  in  each 
pit  depending  upon  the  depth  of  the  groove.  Pits  were  sunk  to 
ground  level  and  were  spaced  equidistantly,  an  arrangement  that 
departed  little  from  the  ideal  spacing  according  to  equal  volumes, 
-except  hi  wedge-shaped  dumps  on  sloping  ground.  Had  wedge- 
shaped  dumps  with  marginal  values  been  discovered  the  intention 
was  to  survey  the  positions  of  the  pits  that  had  been  sunk  and 
weight  the  samples  from  these  pits  proportionally  to  the  volumes 
they  stood  for. 

Assays  of  samples  taken  from  different  parts  of  the  same  dump 
seldom  varied  much.  Thus  in  a  270-ton  dump  (suspected  to  be 
below  grade)  assays  of  samples  taken  from  three  different  pits 
were  as  given  in  Table  V.  Again,  in  a^dump  weighing  1,080  tons, 
•samples  from  two  separate  sets  of  pits  gave  the  assays  shown  in 
Table  VI.    However,  both  these  dumps  were  at  a  caabN&i^  ^v^cai% 
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Table  V 


« 

Sample 
No. 

percent 

SiOt, 
pereetU 

1 

42-40 

5-66 

2 

4300 

5-66 

3 

42-70 

6*34 

Table  VI 


Sample 
No. 

per  cent 

SiO^ 
pereerU 

1 
2 

44-35 
44*60 

1-68 
206 

and  consiBted  of  ore  that  bad  been  transported  by  lorry  and 
shovelled  into  place.  During  loading  and  off-loading  some  mixinic; 
would  inevitably  have  occurred.  As  the  dumps  were  flat  lumps 
did  not  segregate  much  at  the  bottom. 

At  some  of  the  mines  the  dumps  were  still  in  their  original 
positions  at  the  mouths  of  the  incline  shafts  from  which  the  ore 
was  hoisted.  These  dumps  had  heights  up  to  9  ft.  and  had  been 
tipped  from  side- tipping  cars.  The  tops  were  thus  narrow  and  the 
bases  broad  and  conditions  favoured  an  increase  in  the  proportion 
of  himps  downwards.  Like  those  at  the  sidings,  these  dumps  were 
sampled  by  pitting.  Theoretically  each  groove  should  have  been 
sectionalized,  so  that  the  assays  of  the  sections  might  be  weighted 
by  the  widths  of  dump  they  represented.  Instead  of  this  long  and 
costly  procedure  (an  assay  for  chromium  costs  15s.)  only  a  single 
sample  was  taken  from  each  groove,  but,  as  a  check,  grabs  of  fines 
and  lumps  were  taken  respectively  from  the  tops  and  bottoms  of 
dumps.  Had  the  grade  of  the  ore  in  the  dumps  been  below  the 
lowest  penalty-free  grade  according  to  the  pit  sampling,  and  should 
the  assays  of  the  grabs  of  fine  and  lumpy  ore  have  differed  con- 
siderably, the  system  of  sampling  desirable  on  theoretical  grounds 
might  have  been  adopted.  A  comparison  of  the  results  of  pit 
and  grab  sampling  is  given  in  Table  VII.  Each  of  these  sampler 
was  taken  from  two  pits.    The  assays  of  grab  samples  of  fines  and 
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Table  VII 


Pit  Sample 
No, 

Or,  0„ 
per  cent 

Si  0„ 
per  cent 

1 
2 

45-84 
45-20 

4-60 
4-86 

Mean 

45-52 

4-73 

lumps  from  this  dump  were  as  given  in  Table  VIII.  If  the  grade 
of  the  ore  from  the  pit  samples  had  been  marginal  in  this  example 
the  big  difference  between  the  assays  of  the  fines  and  lumps  would 
have  been  a  warning  to  do  more  pitting  and,  possibly,  to  section- 
alize  and  weight  groove  samples. 

Table  VIII 


Ortib  Sample 
No. 

per  cent 

• 

Si  0,, 
per  cent 

• 

1 

at 

44-95 
48-90 

5-92  (Fines) 
1-30  (Lumps) 

Meaa 

46-92 

3-61 

• 

To  reduce  samples  to  reasonable  bulk  for  transport,  they  were: 

(1)  Screened  through  a  1-in.  screen,  the  oversize  being  crushed 
to  pass  1-in.  mesh  and  mixed  with  the  undersize. 

(2)  Coned  and  quartered  ;  for  quartering,  as  no  mixing  cone 
could  be  got,  the  ore  was  poured  from  shovels  on  to  a  cross  18  in. 
high  and  30  in.  in  diameter  made  of  ^-in.  steel  plate.  One  opposite 
pair  of  quadrants  tended  to  be  fuller  of  ore  at  any  given  time  than 
the  intervening  pair.  This  tendency  was  counteracted  by  rotating 
the  shovellers  round  the  ring  into  which  the  sample  was  drawn 
out.  The  customary  practice  of  accepting  ore  from  one  opposite 
pair  of  quadrants  as  the  sample  was  adopted. 

(3)  Screened  through  a  j^-in.  screen,  the  oversize  being  crushed 
to  pass  ^in.  mesh  and  mixed  with  the  undersize. 

(4)  Split  SQCoeBBively  in  a  Jones  riffler  to  a  weight  of  about  50  lb. 


14  N-  W.   WILSON. 

Each  split  followed  a  thorough  mixing.  Both  the  last  aplitawere 
kept,  one  as  an  ori^al  and  one  as  a  dnplicate. 

AU  crushing  was  by  pestle  and  mortar.  As  lumps  were  friable 
and  disintegrated  easily  the  time  taken  to  crash  the  plus  1-in.  part 
of  a  sample  to  minus  l-in.  was  seldom  more  than  90  minutes.  Dr; 
chromite  ore  runs  easily  and  has  an  angle  of  repose  of  less  than  85°, 
consequently  the  quadrants  of  the  sample  had  to  be  separated  by 
a  erosB  during  quartering.  For  a  sampling  floor  sheets  of  J-in. 
steel  plate  were  laid  down.  A  foundation  of  crushed  ehroinite 
diminished  contamination  of  sampler  with  dust  and  soil. 

An  arbitrary  figure  of  IJ  per  cent  for  moisture  content  of  the 
ore  in  the  dumps  was  agreed  upon  between  buyers  and  sellers ; 
this  obviated  moisture  determinations. 

Achiowkdgmenl. — The  writer  is  grateful  fo  the  firm  for  which 
the  estimates  were  made  and  its  clients  for  permission  to  publish 
this  paper  and  for  the  figures  with  which  they  have  supplied  bira. 
Mr.  Donald  Gill's  constructive  critioiema  of  the  rough  draft  of 
the  paper  were  very  helpful  and  were  much  appreciated. 
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•  Exfra  copies  of  this  paper  may  be  obtained  at  a  cost  of 
Is.  6d.  each  at  the  office  of  the  InatUuHon,  ScJi^ry  House, 
Finsbury  Circus,  London,  E.C.  2. 
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THE  INSTITUTION  OF  MINING  AND  METALLUBGY 

Tbe  iBStttatloa  as  a  body  Is  not  rcspoosilils  for  the  ststsmcBts  imute  or  opinloos 

In  any  of  Its  pubHcstioas. 


FIRST   ORDINARY    GENERAL    MEETING 

OF  TRB 

FIFTY-SIXTH     SESSION 

Held  in  the  Rooms  of  the  Geological  Society,  Burlington  House, 

Piccadilly,  London,  W.  1, 

ON 

Thursday,  June  20th,  1946. 

Mr.  G.  F.  Laycogk,  Presiden*,  in  the  Chair. 

DISCUSSION 

ON 

Sandfllling  at  Mufulira. 

By  A.  C.  TuRTON. 

The  President  said  the  paper  submitted  for  discussion  that 
evening  was  on  *  SandfiUing  at  Mufulira  *.  It  had  been  a  long 
time  since  they  had  heard  anything  about  sandfilling  methods  at 
these  meetings.  The  last  occasion  had  been  in  a  paper  by  A.  A. 
Jones  submitted  in  February,  1982,  and  dealing  with  sandfilling 
methods  at  the  Hodbarrow  haBmatite  mines  in  South  Cumberland. 

Although  sandfilling  was  not  very  widely  used  in  metalliferous 
mining,  it  was,  no  doubt,  a  very  effective  method  of  supporting 
heavy  ground  in  certain  special  cases,  but  it  was  rather  Umited  in 
its  application.  The  method  had  its  critics  and  was  not  by  any 
means  universally  approved.  The  paper  was  most  practical,  full 
of  valuable  operating  details,  and  would  be  much  appreciated  by 
all  those  who  were  engaged  in  work  of  this  nature.  The  author 
was  not  able  to  be  present  to  introduce  his  paper  in  person  but 
Mr.  Butter  had  kindly  undertaken  to  do  that. 

Mr.  D.  W.  Rutter  expressed  his  regret  that  the  author  was 
unable  to  be  present  to  introduce  his  own  paper.  MufuUra  was  a 
comparatively  young  mine  in  that  stoping  commenced  only  in 
1984  ;  the  mine  had  been  shut  down  from  December,  1981,  to 
1983,  when  unwatering  was  started.  At  first  mining  operations 
were  confined  to  the  orebodies  lying  above  the  460-ft.  haulage  level 
and  the  sub-level  open  stoping  method  of  mining  was  introduced. 
As  lower  levels  were  opened  up  it  was  decided  to  mine  the  thick 
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B/C  orebodies  by  a  caving  method — ^in  order,  among  other  things, 
to  improve  extraction.  The  change-over  in  mining  methods  could 
not  be  made,  however,  until  the  water  table  in  the  hanging-wall 
beds  had  been  lowered  to  a  point  below  the  cave  line.  Therefore 
an  intensive  drainage  programme  was  put  in  hand.  The  importance 
of  this  work  would  be  appreciated  when  it  was  realized  that  about 
16,000,000  gallons  of  water  were  pomped  ttom  the  mine  every 
24  hours.  At  the  same  time  deeper  mining  gave  rise  to  increased 
ground  pressures  and  the  need  for  hanging-wall  support.  It  was 
fortunate  that  classified  mill  taiUngs  proved  eminently  suitable  as 
a  filling  medium,  because  that  happened  to  be  the  only  cheap 
material  available.  The  dhbinage  problem  had  been  overcome  to 
such  an  extent  that  it  was  only  necessary  in  many  cases  to  fill 
stopes  sufficiently  to  prevent  air  blasts.  The  author  had  pointed 
out  that  the  hazard  to  life  was  considerable  when  an  air  blast  was 
driven  through  the  mine  workings  by  a  sudden  collapse  of  hanging- 
wall  over  a  series  of  stopes. 

Under  the  heading  '  Mining  Systism '  the  author  had  referred  to 
the  reversal  of  the  sequence  of  stoping.  Experience  with  sand- 
filling  had  shown  the  proper  sequence  to  be  C-B-A.  In  addition 
the  C  orebody  had  a  greater  thickness  than  either  A  or  B,  and  it 
was  a  simpler  matter  to  keep  the  stope  faces  of  all  three  orebodies 
in  step  when  the  C  orebody  was  mined  first.  The  fact  that  the 
three  orebodies  could  be  mined  in  the  sequence  C-B-A  proved  the 
succeBB  of  the  sandfiUing  operation  in  practice.  Naturally,  when 
the  sub-level  caving  method  of  mining  came  into  operation  the 
sequence  would  revert  to  A-B/C. 

There  was  insufficient  material  available  to  fill  stopes  completely 
with  sand,  although  in  some  cases  possibly  the  level  of  the  fill 
could  be  raised  if  necessary  with  the  aid  of  stand  pipes.  The 
amount  of  fill  indicated  in  Fig.  8  had  so  far  proved  to  be  all  that 
was  necessary  to  obtain  the  desired  results. 

The  author  discussed  the  development  of  timber  desliraing  tanks, 
which  had  given  very  satisfactory  service.  Batteries  of  steel  cones 
had  been  discarded  owing  to  the  time  and  expense  involved  in 
dismantling  and  re-erecting  them.  The  automatic  sand  discharge 
valve  was  also  discarded  because  of  occasional  stoppages.  The 
simple  hand-operated  discharge  door  illustrated  in  Fig.  6  worked 
very  smoothly  and,  as  a  native  attendant  was,  in  any  case,  required 
at  each  battery,  <)perating  costs  were  not  increased  thereby.  Sand 
was  fed  to  underground  distributing  points  situated  in  the  foot- 
wall  of  the  C  orebody  through  churn  drill  holes  lined  with  concrete 
pipe.    These  holes  were  drilled  at  500-ft.  intervals. 


SANDPILLING  AT  BnTFULIRA — DISOUSSIOI^.  3 

It  was  interesting  to  note  that  the  tailings  thickener  discharge 
had  first  to  he  diluted  with  water  to  reduce  solids  from  56  per  cent 
to  84  per  cent  in  order  to  obtain  a  satisfactory  separation  of  sand 
and  slime.  The  author  stated  that  the  most  important  require- 
ment of  a  sandfilhng  material  was  that  it  must  leach  rapidly. 
The  presence  of  slime  reduced  the  leaching  rate  and  too  much 
slime  resulted  in  failure  of  the  bulkheads  through  hydrostatic 
pressure.  All  bulkheads  were  now  constructed  of  concrete  rein- 
forced with  old  wire  rope.  Sandfilhng  followed  so  closely  on  stoping 
that  timber  bulkheads  did  not  stand  up  to  blasting  in  adjoining 
stopes,  even  with  concussion  barricades.  The  author  preferred 
timber  bulkheads,  however,  for  use  in  moving  ground  that  was 
sufficiently  remote  to  be  unaffected  by  blasting  operations. 

The  great  superiority  of  rubber-lined  pipe  for  transporting 
abrasive  material  was  once  again  demonstrated.  Unfortunately, 
as  this  pipe  had  become  unobtainable  during  the  war  a  substitute 
had  had  to  be  used.  It  was  found  that  a  pipe  supplied  in  standard 
lengths  and  fitted  with  welded  flanges  had  a  hfe  of  four  to  five 
months,  against  one  month  with  ordinary  pipe  and  threaded 
flanges. 

The  novel  compressed-air  non-return  valve  shown  in  Fig.  11  had 
proved  most  satisfactory.  It  was  easily  made  and  very  efficient 
in  operation.  By  means  of  compressed  air  sand  could  be  trans- 
ported long  distances  horizontally  and,  at  the  same  time,  wear  was 
distributed  evenly  round  the  bore  of  the  pipe.  This  even  distri- 
bution of  wear  was  important,  as  it  avoided  the  necessity  of  turning 
the  pipe  at  frequent  intervals.  In  order  to  provide  smooth  and 
continuous  operation  an  independent  air  compressor  had  been 
installed  to  ensure  a  constant  supply  of  high-pressure  air. 

The  actual  stope  filling  was  an  intermittent  process.  A  period 
of  three  days  was  allowed  between  successive  layers  of  fill  to  enable 
the  sand  to  leach  and  consohdate.  The  author  observed  that  six 
hours  after  filling  was  stopped  the  surface  of  the  sand  was  compact 
and  hard  and  the  leaching  ceased  about  two  months  after  a  stope 
was  filled.  Members  had  probably  noticed  the  error  in  the  fonnula 
given  on  p.  23.  The  value  of  *  s  '  was  28,  so  that  the  denominator 
of  the  second  fraction  should  be  80  minus  28.  This  gave  a  corrected 
value  for  *  S  '  of  158  tons  per  hour,  equivalent  to  94,800  tons  per 
month. 

The  author  had  concluded  with  some  practical  hints  that  would 
no  doubt  be  of  interest  to  those  faced  with  a  similar  problem. 

Mr.  James  Whitehouse  then  opened  the  discussion  on  the 
paper  by  congratulating  the  author  on  his  paper,  which  he  thougjbLt 
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was  a  record  of  a  job  well  done.  He  had  no  otitioiflmB  to  make 
and  no  questions  to  ask,  but  that  was  not  sorpriiingy  beoause  the 
technique  of  sandfilling  had  advanced  through  the  years  and  the 
author  had  carried  it  a  stage  further. 

As  he  read  the  paper  he  had  recalled  that  in  1910  it  was  their 
late  President  who  was  in  charge  of  sandfilling  operations  in  South 
Africa,  he  having,  been  to  Oermany  to  study  practice  there,  and  it 
had  seemed  a  long  step  backwards  to  those  times.  Practice  at 
MufuUra  in  some  respects  followed  that  which  thqr  had  used  at 
the  New  Modderfontein  mine,  particularly  as  regards  the  desliming 
and  dewatering  of  the  sand  at  the  top  of  the  borehole  with  cones. 
Mufulira  conditions  were  eminently  suitable  for  sandfilling,  but,  of 
course,  they  entailed,  as  no  doubt  the  manager  had  realiied, 
considerable  risk,  and  he  noted  that  they  had  not  been  without  the 
unavoidable  breakaways  that  sometimes  accompanied  sandfilling. 

He  recalled  that  at  the  City  Deep  mine  an  area  in  a  worked-out 
part  of  the  mine  that  had  been  sandfiUed  some  years  before  unfor- 
tunately  became  waterlogged.  Water  had  got  into  the  sand  from 
the  hanging-wall,  which  resulted  in  the  bursting  of  the  barricade, 
and  the  sand  broke  away  with  a  sudden  rush,  gathered  up  the  loose 
rock  that  was  in  its  path,  and  finally  finished  up  by  travelling  down 
an  oreshoot  which,  unfortunately,  opened  at  the  bottom  on  to  a 
station  at  the  vertical  shaft.  By  this  time  it  had  gathered  so  much 
material  that  it  went  right  through  the  station,  and  60-lb.  rails 
forming  the  grizzly  were  precipitated  into  the  bottom  of  the  shaft 
as  though  they  were  pieces  of  matchwood.  Had  the  accident 
happened  an  hour  earlier  there  would  have  been  some  hundreds  of 
people  on  that  station,  but  fortunately  it  only  caught  one  native 
who  was  operating  the  door  at  the  bottom  of  the  oreshoot ;  it  cut 
him  into  small  pieces.  Consequently  the  speaker  thought  that  the 
use  of  concrete  bulkheads  at  Mufulira  was  amply  justified  ;  nothing 
else  would  have  been  a  safe  practice. 

The  author  had  given  them  some  very  valuable  information  on 
the  percentage  of  solids  permissible  for  the  distribution  of  sand 
and  also  the  amount  of  compressed  air  required  for  boosting  in 
the  mine.  The  use  of  compressed  air  for  this  purpose  was  rather  a 
novel  idea  and  it  was  interesting  that  with  its  use  the  wear  on  one 
side  of  the  pipe  was  very  much  diminished. 

With  regard  to  the  cost  of  sandfilling  at  Mufulira,  the  figure  of 
about  6d.  a  ton  was  highly  satisfactory.  It  was  about  half  the 
cost,  as  he  remembered  it,  of  sandfilling  on  the  Witwatersrand, 
but,  of  course,  there  were  two  explanations  for  that :  First,  the 
amount  of  preparatory  work  necessary  was  not  very  great,  and, 
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secondly,  the  amount  of  sand  filled  in  one  locality  was  very  con- 
siderable. In  conclusion,  he  wished  to  congratulate  all  those 
concerned  on  the  excellent  work  that  had  been  done. 

Mr.  L.  Tucker*  said  he  greatly  appreciated  the  invitation  to 
attend  the  meeting.  As  regards  the  detailed  work  in  connection 
with  sandfiUing  there  was  not  very  much  to  add.  The  author 
had  covered  all  the  operating  details  and  the  paper  had  been  ably 
introduced  by  Mr.  Rutter  and  commented  upon  by  Mr.  Whitehouse. 
He  would  Hke  to  say  how  important  sandfiUing  was  at  Mufulifa. 
In  opening  the  mine  it  was  necessary  to  choose  a  stoping  method. 
Mufuhra  had  flat  dipping  massive  orebodies  and  certain  beds  in 
the  overlying  rocks  were  heavily  waterlogged.  Those  beds  were 
so  close  to  the  orebody  that  any  extensive  caving  of  the  hanging- 
wall  before  they  were  drained  would  have  endangered  the  mine. 
Therefore,  the  question  of  hanging- wall  support  became  of  imme- 
diate importance.  Sub-level  stoping  was  adopted  as  beiiig  most 
suitable  for  the  upper  levels. 

Mill  tailing  was  found  to  be  the  best  and  most  economical  support 
available.  It  was  recognized  that,  due  to  its  compressibility,  sand- 
fill  was  not  an  absolute  support  and  that  with  increasing  depth 
larger  and  larger  pillars  would  become  necessary.  SandfiUing 
provided  sufficient  support,  however,  to  allow  reasonable  extraction 
of  ore  from  the  upper  levels  and  for  drainage  of  the  hanging-waU 
beds,  without  which  the  caving  method  now  being  introduced 
would  have  been  impossible. 

Sir  Lewis  Fermor  hoped  they  would  not  be  surprised  that  a 
geologist  should  wish  to  take  part  in  the  discussion  on  this  paper. 
But  sandfilUng  was  a  problem  of  very  great  practical  interest  to 
the  geologist  because  of  its  effect  upon  the  conservation  of  mineral 
resources.  In  India,  hydrauhc-stowing,  or  sand-stowing  as  they 
called  it,  had  come  very  much  to  the  fore  in  recent  years  in 
connection  with  the  working  of  the  coalfields  of  Bengal  and  Bihar. 

The  Indian  coalfields  contained  many  successive  seams  of 
variable  value,  and  the  companies  who  worked  them  naturaUy 
wished  to  work  the  best  seams  first.  It  was,  therefore,  important 
that  in  working  any  one  seam  the  overlying  ground  should  not  be 
allowed  to  collapse.  By  the  ordinary  method  used  in  most  of  the 
mines — pillar  and  staU — about  40  per  cent  of  the  coal  was  recovered 
in  driving  the  galleries,  leaving  60  per  cent  in  piUars.  Then,  if 
the  market  price  of  coal  fell,  the  problem  was  how  to  win  those 
pillars  at  a  profit  if  the  financial  policy  of  the  company  had  not  been 
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to  debit  a  part  of  the  cost  of  future  extraction  of  pillars  against  the 
cost  of  driving  galleries.  In  such  cases  a  colliery  company 
often  preferred  to  drive  fresh  galleries  and  leave  the  pillars  alone. 

After  some  years  one  coalfield  in  particular  (Jharia)  had  beocmie 
rather  like  a  honeycomb  and  there  was  a  great  danger  of  fires  :  in 
times  of  high  prices  there  was  a  tendency  to  rob  the  pillars,  causing 
collapses,  and  then  fires  broke  out.  In  consequence,  the  Govern- 
ment of  India,  now  many  years  ago,  took  the  advice  of  a  mining 
speciahst  from  England,  and  then,  on  receipt  of  his  report, 
appointed  a  Commission,  which  made  suitable  recommendations. 
The  resulting  proposals  of  the  Government  of  India  were  circulated 
amongst  those  who  were  interested  ;  everyone  had  kicked  at  the 
particular  recommendation  that  hit  him,  making  difficult  action 
by  the  Government  of  India.  The  Geological  Survey  bad,  how- 
ever, succeeded  in  saving  the  situation  and  prolonging  the  action. 

Large-scale  new  topographical  maps  were  made  of  the  two  coal- 
fields in  question  (Jharia  and  Raniganj)  and  new  geological  surveys 
were  made  to  estimate  the  quantity  of  coal  available.  Experiments 
in  coal  washing  were  made  to  find  out  whether  it  was  posaiUe  to 
improve  the  quality  of  low-grade  coal  at  an  economic  price.  The 
answer  was  in  the  negative  and  therefore  it  was  important  to 
conserve  the  high-grade  coal.  Eventually  the  Government  had 
appointed  another  Commission,  and  Government  had  introduced 
measures  to  encourage  sand-stowing,  if  not  to  make  it  compulsory. 
Co-operative  schemes  had  been  introduced  and  a  levy  imposed  on 
the  output  of  coal  to  help  pay  for  such  schemes. 

Before  Government  could  be  cajoled  into  all  this  it  had  been 
necessary  to  make  sure  that  there  was  a  sufficient  supply  of  sand. 
So  he  had  deputed  one  of  his  officers,  Mr.  G.  V.  Hobson,  a  member 
of  the  Institution,  to  make  a  rough  general  survey  of  the  Damodar 
valley  area  and  report  whether  it  was  likely  that  the  annual 
replenishments  of  sand  during  the  monsoon  would  be  sufficient  |,o 
make  up  any  losses  caused  by  withdrawals  for  sand-stowing, 
supposing  this  were  generally  adopted.  Mr.  Hobson*s  report  had 
been  to  the  effect  that  they  need  have  no  fear  ;  the  annual  replenish- 
ments would  be  at  least  adequate  to  make  up  for  any  possible 
extractions  of  sand.  With  that  assurance  it  had  been  possible  to 
press  for  adequate  measures  for  the  conservation  of  coal. 

Prior  to  this  some  of  the  leading  companies  had  already  them- 
selves introduced  measures  of  sand-stowing,  so  that  the  process  was 
already  known  as  applied  to  coal,  and  it  was  only  really  an  economic 
question  of  whether  the  companies  could  pay  for  the  work  ;  the 
smaller  companies  had  been  helped  by  co-operative  schemes. 
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He  had  noticed  in  the  paper  that  Mufuiira  mine  supplied  its  own 
stowing  material,  at  least. in  part,  and  that  was  a  good  thing. 
But,  of  course,  a  coal  mine  was  not  hke  that,  because  the  whole 
of  the  coal  extracted  was  going  to  be  used  :  one  did  not  put  it 
through  a  dressing  plant,  recover  some  4  per  cent  and  throw  96  per 
cent  away,  and  have  that  available,  after  it  had  been  cleaned  of 
slimes,  to  fill  the  voids.  So  the  two  problems  did  differ ;  but,  on 
the  other  hand,  when  the  coal  industry  took  sand  out  of  the  river 
they  did  not  have  to  deshme  it ;  it  was  already  good  clean  sand 
available  for  use. 

The  paper  was  one  of  very  great  importance,  and  he  felt  surprised 
that  the  mining  members  of  the  Institution  had  not  taken  more 
interest  and  filled  the  room  in  order  to  join  in  the  discussion. 

Mr.  R.  H.  Graven  thought  the  way  in  which  the  author  had 
dealt  with  his  subject  was  most  informative  and  the  description  of 
the  research  work  connected  with  the  system  of  sandfilling  of  the 
stopes  at  the  Mufuiira  mine  was  extremely  interesting,  the  detail 
being  so  complete.  An  important  poii\t  which  he  had  failed  to 
gather  in  reading  the  paper,  however,  although  it  might  have 
escaped  his  observation,  was  any  reference  to  the  nature  of  the 
ore.  If  this  was  a  sulphide,  and  he  was  incUned  to  think  that  it 
must  be  a  chalcopyrite,  as  the  author  had  mentioned  that  the 
upper  zone  had  been  leached  over  a  height  of  some  460  ft.,  the 
water  carrying  the  sand  in  the  form  of  a  slurry  must  have  presented 
particular  difficulties  in  pumping  it  to  the  surface  again. 

If  the  ore  was  a  sulphide  it  would  be  interesting  to  know  what 
proportion  of  the  consumption  of  the  metal  pipes,  carrying  the 
slurry  into  the  stopes,  was  due  to  abrasion  and  how  much  to 
electrolytic  action  on  the  iron.  Many  years  before,  about  1910, 
this  system  of  filling  with  sand  was  adopted  at  a  mine  in  Tuscany. 
The  firm  of  Carlo  Marchi  acquired  a  concession  to  mine  sulphide 
ores  adjoining  the  Gavorrano  mine  belonging  to  the  Montecatine 
Company,  which  had  suffered  from  various  serious  falls  of  ground 
in  the  course  of  mining  operations.  To  avoid  similar  difficulties 
in  the  new  mine  and  to  support  the  walls  of  the  deposit,  filling  with 
sand  after  the  ore  was  broken  appeared  to  give  the  greatest 
advantages. 

The  system  of  mining  adopted  by  Marchi  called  for  stoping  from 
the  bottom  upwards,  as  was  done  in  the  Mufuiira  mine.  Shafts 
were  designed  to  go  down  to  the  deepest  point  at  which  the  pyritic 
ores  existed  in  the  new  concession  and  when  these  reached  below 
the  low'est  workings  of  the  Gavorrano  mine  it  was  found  that  they 
had  to  pump  not  only  the  water  from  their  own  mine  but  also  that 
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which  filtered  through  from  the  adjoining  property.  ESreniiiallj 
the  new  mine  owner  decided  to  bear  the  double  burden  of  pumping 
for  the  time  being,  knowing  that,  as  the  working  progreiied 
upwards,  their  difficulties  would  cease  and  the  Montecatine  Com- 
pany would  have  the  doubtful  pleasure  of  pumping  for  both  mines. 
The  Oavorrano  mine  was  working  downwards  and  the  Maichi 
mine  upwards,  and  the  time  was  not  long  before  a  common  level 
was  reached.  The  Montecatine  Company  eventually  dedded  to 
put  in  an  adit  level  of  some  eleven  kilometres  in  length,  rather  than 
pump  the  water  to  the  surface.  He  wondered  Aether  similar 
problems  might  not  occur  in  the  district  around  the  Mufulira  mine. 

Another  interesting  thouf^t  emerged  in  connection  with  the  tests 
made  in  ascertaining  the  doming  properties  of  the  leached  sands. 
In  filling  stopes  in  mines  where  copper  sulphides  were  the  mineral 
produced,  a  certain  amount  of  copper  and  iron  was  found  in  solution 
in  the  acidulated  water  percolating  through  the  mineral  and  rock. 
This  liquid  found  its  way  into  the  open  spaces  in  the  rook  filling 
used  to  support  the  wal)s  of  the  stopes  after  the  ore  had  been 
broken.  In  mines  with  which  he  had  been  connected,  the  filling 
used  became  cemented  together  quite  firmly  after  a  few  months  and 
after  long  periods  of,  say,  ten  years  or  more,  when  it  became 
necessary  to  open  passage-ways  through  fillings,  blasting  had  to 
be  resorted  to  as  the  mass  had  become  as  hard  as  concrete.  Was 
it  possible  that  the  good  doming  results  shown  by  the  tests  made 
were  due  somewhat  to  the  cementing  properties  of  the  iron  and 
copper  sulphate  in  solution  in  the  water  having  assisted  in  the 
binding  together  of  the  sand  ? 

The  cost  of  pumping  the  water  from  the  stopes  leached  from  a 
ion  of  filling  was  given  as  0*01 5s.  Was  that  inclusive  of  dis- 
charging the  water  at  the  surface  from  the  900-ft.  level  ?  The 
percentage  of  solids  was  given  as  68,  thus  82  per  cent  or  one-third 
of  a  ton  of  water  had  to  be  raised  900  ft.  at  a  cost  of  something 
under  a  farthing.  If  his  figures  were  correct,  this  appeared  to  call 
for  very  efficient  pumping  equipment,  details  of  which  would  be 
very  interesting. 

The  application  of  the  properties  of  sand  in  connection  with 
mining  was  of  considerable  importance  and  further  developments 
would  doubtless  increase  the  sphere  of  its  utility  in  other  operations 
connected  with  ore  production. 

Mr.  Tucker  replied  that  it  was  a  sulphide  orebody.  There 
was  no  evidence  of  cementing  in  the  tilled  stopes  which  had  been 
entered  subsequently.  The  sand  was  still  damp  and  could  be  cut 
with  a  shovel.    When  so  cut  it  would  stand  in  a  vertical  face 
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several  feet  high.  That  was  one  point  which  had  emerged  from 
the  discussion — the  possible  danger  to  workings  lower  down. 
Naturally  this  aspect  had  been  watched  very  closely.  After  the 
sand  had  been  in  the  stope  for  some  time  and  the  excess  moisture 
had  been  drained  off,  the  consistencv  was  such  that  if  one  of  the 
side  barricades  was  removed  the  sand  would  not  run.  It  was 
quite  safe  to  walk  on  the  sand  as  soon  as  the  surface  moisture  had 
drained  off.  That  moisture  drained  off  in  a  few  hours,  while  the 
excess  moisture  drained  from  the  filled  stope  in,  say,  three  months. 
There  had  been  sand-filled  stopes  adjacent  to  open  stopes  when 
the  intervening  pillar  had  crushed.  In  these  cases  there  had  been 
no  tendency  for  the  sand  to  run  out. 

Another  small  point  was  the  mention  of  the  possibility  of  water 
seeping  in  through  the  hanging- wall  and  wetting  the  sand,  thereby 
allowing  it  to  become  soft  enough  to  flow  out  again.  The  water 
in  the  actual  orebody  was  drained  out  ahead  of  the  time  before 
stoping  took  place.  There  was  a  great  deal  of  water  well  back  of 
the  hanging- wall,  behind  impervious  strata.  This  water  consti- 
tuted the  main  drainage  problem,  but  there  was  no  percolation 
through  the  impervious  strata  into  the' sand-filled  stopes. 

Mr.  W.  H.  Wilson  said  that  he  had  been  struck  by  the  fact 
that  the  sandfilling  in  Mr.  Craven's  mine  had  become  cemented  and 
needed  explosives  to  move  it,  while  at  Mufulira  consolidation  only 
had  taken  place.  The  diffidence  of  certain  mines  to  the  use  of 
sandfilling  might  be  overcome  if  the  sand  subsequently  became 
cemented  and  rocklike.  Soil  mechanics  had,  during  recent  years, 
become  a  most  important  branch  of  civil  engineering,  and  Mr. 
Wilson  thought  that  research  into  the  causes  of  the  cementation 
of  sands  might  have  been  undertaken  by  such  a  firm  as  Soil 
Mechanics,  Ltd.  One  wondered  what  constituent — chemical  or 
slurry — might  be  needed  to  cause  cementation. 

Lt.-Gol.  J.  B.  Simpson  said  that  he  had  seen  sandfilling  used 
in  deep-level  rill  stopes,  where  the  sand  was  sent  down  in  tubs 
from  surface  and  tipped  into  the  stopes  together  with  waste-rock 
from  development.  This  was  to  give  a  more  compact  support 
than  would  have  been  the  case  with  waste-rock  alone.  When  the 
fill  was  within  6  ft.  of  the  stope  face,  a  further  50  tubs  of  sand  were 
used  to  form  a  mat.  Being  damp,  this  tended  to  hang  up  at  the 
top  of  the  rill  and  had  to  be  scraped  down.  Until  the  sand  dried 
off  the  stope  was  uncomfortably  humid,  being  in  a  hot  dry  mine. 
This  humidity  would  not  affect  working  conditions  at  Mufulira, 
but  might  in  other  mines  differently  placed. 


Otbor  nieiubers  tabiog  part  in  tho  (tiKcuBsion  inclutl^  Mr.  R.  \ 
Botsford,  Proreastir  W.  R.  Joues,  Mr.  E.  J.  Pryor,  Professor  S,  J, 
Truscott,  anil  Mr.  T.  Muir  Warden. 

The  President  sa.id  that  althou^'b  b«  bad  seen  mining  operations 
in  a  good  many  parts  of  tbe  world,  lie  had  only  oitce  come  acrosK 
aandiilling  metboda  being  employed,  so  it'  was  evideutly  not  in 
very  common  uso.  He  had  beeu  moat  iiiterestod  to  bear  from 
Mr.  Tucker  that  sandtilling  was  only  a  temporary  measare  at 
Mufuhra  and  that  tbey  proposed  to  go  back  to  caviug  methods  in 
due  course. 

He  said  he  was  aure  members  would  wish  to  pass  a  hearty  vote 
of  tbaiike  to  the  author  for  his  most  interesting  paper,  to  Mr. 
Butter  for  introducing  it,  and  also  to  Mr.  Tucker  who  had  given 
them  Bucb  interesting  additional  information.  The  vote  was 
carried  by  acclamation. 
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AUTHOR'S  REPLY  TO  DISCUSSION* 

ON 

The  San  Telmo  Orebody,  Spain. 

Bv  J.  C.  Allan,  Member. 

Mr*  J.  G.  Allan  :  I  am  gratified  that  the  paper  has  produced 
such  an  interesting  discussion  and  have  to  express  my  best  thanks 
to  Dr.  David  Williams  for  introducing  it  in  my  absence.  Dr. 
Williams,  in  his  comments,  considered  that  the  theory  was  based 
on  an  inadequate  amount  of  fact,  but  I  feel  that  the  justification 
for  this  has  been  shown  by  the  fact  that  the  majority  of  the 
discussion  was  based  on  the  theoretical  part  of  the  paper  rather 
than  on  the  facts  as  presented.  Had  the  data  available  been  more 
complete  I  might  not  have  had  to  venture  into  the  dangerous 
field  of  theoretical  geology. 

The  lack  of  recorded  data  is  such  that  I  cannot  give  Dr.  Wilhams 
concrete  answers  to  a  number  of  the  points  he  raises.  The  apex 
of  the  mass,  however,  showed  abundant  characteristic  black 
chalcocite  and  secondary  copper  minerals,  as  distinct  from  the 
primary  chalcopyrite  occurring  in  certain  zones  of  the  mass  down 
to  below  the  11th  Floor.  Dr.  Williams  appears  to  make  two 
striking  admissions : 

(1)  That  under  the  influence  of  pressure  the  sulphides  would 
tend  to  suffer  plastic  flow. 

(2)  That  such  plastic  flow  might  exhibit  cross*cutting  relati(m- 
ships  towards  the  other  sulphides  in  the  form  of  intrusive  veins. 
These  admissions,  from  so  able  a  protagonist  of  the  replacement 
hypothesis,  seem  to  me  to  surrender  the  fort.  If,  under  certain 
conditions,  plastic  flow  of  sulphides  can  take  place,  it  would  appear 
to  be  only  a  question  of  degree  for  such  conditions  to  produce 
enough  mobility  for  the  sulphides  to  travel  some  considerable  dis- 
tance before  reaching  their  present  situation.  My  reading  of  the 
evidence  is  that  an  important  proportion  of  the  San  Telmo  mass 
arrived  at  its  present  situation  with  substantially  the  same  con- 
centration of  sulphides  in  which  it  is  found  to-day.  That  it  did  so 
either  as  a  hydropyritic  matte,  as  sulphides  under  conditions  of 
plastic  flow,  or  as  sulphides  in  a  dispersed  solid  phase,  to  which 
Dr.  Williams  referred  later  in  his  remarks,  is  not  a  point  that  I 
feel  competent  to  discuss  and  does  not  affect  the  main  thesis. 

*Bt<//.  478,  Jan.,  1946. 
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This  view  BBemiiio  jo^&U^h^'^^^  thd  bitrUHSIf'ik 

eating  contribution  by  Mr.  P.  E.  Whelan.  It  I  read  biB 
correctly,  if  the  ifaythmio  precipitation  ocems  under  qmeseeai 
conditions  it  infers  that  the  subBtances  precipitated  were  there  iik  -^ 
substantially  their  present  concentration  when  preeimtatioii  took  i 
place.  While  in  the  body  of  my  j»p4r  I-'hav^  fniggetted  tli»  ^ 
possibility  of  a  colloidal  state,  the  main  point  I  was  endeavoozing' 
to  make  was  that  the  material  arrived  at  its  presttit  ritruktion  in  a 
concentrated  form,  as  distinct  from  a  replacement  by  dflatb  l^yiio* 
thermal  solutions.  I  would  like  to  thank  Mr.  Whrian  for  In* 
interesting  remarks,  which  are  a  valuable  oontribotioii  to  tbn 
study  of  this  problem.  ^'* 

Mr.  0.  Thomas,  in  stating  that  no  other  type  of  xeplaoomeBfr- 
except  hydro-thermal  has  been  recognised,  does  not»   I  ibink^''; 
explain  the  occurrence  of  the  concentric  structure  of  the  qpeouneai' 
submitted  by  the  President.  t 

I  was  glad  to  have  Mr.  Richardson's  confirmation  of  the  w«gr> 
in  which  complex  ore  could  be  followed  through  dean-eat  ooniaeW 
— such  as  are  shown  in  Plate  I,  ligs.  8  and  4,  of  the  papez^-^to-oio 
showing  marked  pyrite  complex  banding. 

Both  Mr.  Varvill  and  Dr.  Smith  refte  to  the  manner  m  whklir 
some  of  these  pyritic  masses  cut  out  in  depth  and  I  have  ahrayti 
felt,  with  Dr.  Smith,  that  this  feature  fits  in  far  better  with  an 
injection  theory  than  with  any  possible  form  of  replacement. 

In  conclusion  I  would  like  to  record  my  thanks  to  Dr.  W.  Bl 
Jones,  without  whose  support  and  advice  the  paper  would  not 
have  been  written  ;  to  Colonel  J.  Cross  Brown  for  the  details  of 
the  map  in  Fig.  1,  and  to  Mr.  Andrew  Pearson  who  helped  in  th* 
preparation  of  an  early  draft. 
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NOTXCB  OF  GBNBRAL  MEETINGS. 

The  THIRD  ORDINARY  GENERAL  BIEETING  of  the  Fifty-sixth 
Seflsion  of  the  Institution  of  Mining  and  MetcJlurgy  will  be  held,  by  kind 
penniflMon,  in  the  Apartments  of  the  Geological  Society,  Burlington  Hou^e, 
Piccadilly.  London,  W.  1,  on  THURSDAY,  NOVEMBER  21st,  1946,  (it 
5  o'clock  p.ni. 

The  following  Paper,  of  which  a  copy  is  attached,  will  be  submitted  for 
discussion  : 

The    Panaaqueira    Mines,    Portugal :     Wolfram    Mining    and 
Milling ;  Labour  Organisation. 

By  J.  C.  Allan,  Member,  G.  A.  Smith,  Member,  and  R.  I.  Lewis, 
Asaoeiaie.  *  ^ 

The  FOURTH  ORDINARY  GENERAL  MEETING  of  the  Session  will 
be  held,  also  in  the  Apartments  of  the  Geological  Society,  on  THURSDAY, 
DECEMBER  19th,  1046,  at  5  o'clock  p.m.,  when  the  foUowing  Papers, 
both  of  which  were  published  with  the  September,  1946,  BuUetin,  will  be 
submitted  for  discussion  : 

The  Geology  and  Opencast  Mining  of  the  Jurassic  Ironstdhss 
of  Great  Britain. 

By  W.  Dayid  JSvan8«  Aaaociate. 

Notes  on   the   Estimation   of  Tonnage   and   Grade   of  Some 
Ghromite  Dumps. 

By  N.  W.  Wilson.  Associate. 
{Note. — Since  the  publication  of  these  two  Papers  the  arrangements  for 
their  discussion  have  been  altered  and  they  will,  as  announced  above,  be 
presented  at  the  December  General  Meeting  and  not  in  November  as  printed 
at  the  head  of  the  Papers.) 

Light  refreshments  will  be  provided  at  4.15  p.m.  for  members  and  friends 
att^^nding  the  Meetings. 

The  Council  invite  written  contributions  to  the  discussion  of  Papers 

from  members  who  may  be  unable  to  be  present  at  the  Meetings  of  the 
Institution.  The  Council  reserve  the  right  to  edit  and  condense  such 
contributions. 

The  Council  desire  to  remind  members  that  in  addition  to  the  more 
comprehensive  typos  of  papers  for  discussion  at  Gteneral  Meetings,  they 
welcome  for  publication  in  the  Bulletin  short  not-es  recording  data  or 
describing  t«*hnical  experience,  which  may  be  of  general  interest  and 
value.  Such  notes  are  governed  by  the  scmie  rules  in  regard  to  acceptance 
HA  ordinary  papers,  but  would  be  open  for  discussion  by  correspondence. 


FIFTY-SIXTH  SESSION  :    1946-1947. 
DATES  OF  SUBSEQUENT  MEETINGS. 

The  following  dates  have  been  provisionally  fixed  for  subsequent  General 
Meetings  of  the  Institution  during  the  Session  1946-47  : 

Thursday,  January  16th,  1947.  Thursday,  April  17th,  1947. 

February  20th,  1947.  „  May  15th,  1947. 

March  20th,  1947. 


lY  THB   [NSTmmON   OF   MININQ   AND   MBTALLDBOY. 

Prelimin«t7  Announcemenl. 

CONFERBHCE    ON    SILICOSIS,    PKEUMOKOKIOSIS    AND 

DUST   SUPPRESSION. 

Arrangenipnta  are  mm  being  luudf  jointly  by  Ilit'  Inslitutioii  of  Mining 
and  MfttaUurgy  and  the  Institution  of  Mining  Enginoora  for  a  Confflrence 
nn  Bilicoaia,  Pneiiniokonioais  and  DiiBt  Suppression  in  Miiiea,  to  be  hold  in 
London  on  Wednesday  and  Tbursday,  16th  and  17th  April,  1947. 

Tht)  Conferpnue  will  bo  divided  tain  sesaions  i^onsisl  ing  bmsdly  of  papers 
on  (a)  DuBt  Sampling  and  Evaluation,  (61  Palliology  of  Pneumokoiiioaii 
and  Sili(>oai«,  and  (c)  Dnat  SuppTessiuii.  Papers  ai«  being  prppored  by 
authorities  in  tlietie  aubjeets,  and  a  full  lint  will  be  publighiHi  eaj-ly  in  1947, 

R.S.M.    (OLD   STUDENTS)   ASSOCIATION. 

The  following  notice  is  piiblinliBd  at  ihe  request  of  the  Asaoclation  ; 

Will  any  past  student  of  the  Royal  School  of  Mines  who  has  not  receiveil 
a  foiTQ  asking  for  his  particuIarB  for  insertion  in  the  forthcoming  Roller 
of  Old  Studantfl  plonse  eommunicftte  at  onpp  with  the  Secretary.  Dr.  .1.  H. 
Wataon,  Royat  Mint.  E.G.  3.  Will  any  Old  Student  who  has  reoeived  such 
»  form  and  has  not  yet  fllleil  in  ond  returned  it  please  do  so  oa  aooti  ■■ 
possible. 

CANDIDATES   FOR  ADMISSION. 

The  Countil  welcome  communications  to  otirit  Jfiem  in  deciding  whether  the 
quollficoti on (  of  Candidates  for  Admission  into  the  (njlitutron  fulfil  the  requii*- 
menu  of  the  By-Lawi. 

The  Apt^icotion  Formt  of  Candidates  for  Membership  or  Asseciateship  will  be 
open  for  inspection  at  the  Office  of  the  Institution  for  a  period  of  at  least  two 
monifij  from  the  dote  of  the  Bulletin  in  which  their  applications  are  announced. 

The  following  have  applied  for  transfer  since  Sept«mt>er  12th,  1946  : 
To  Mrubbbship— 

Elkan,  Edward  Felix  (Kuala  Lumpur,  Malaya). 

Spalding,  Jack  {Cifmdem). 

To  ASSOCI&TBBHIF — 

Baofleld,  George  Edmund  Arthur  (Lorulori). 

Dover,  Hubert  Nicholas  Basil  {Digboi,  Upptr  A*»ain). 

Foley,  Timothy  Anthony  {Konongo,  Oold  Coaal). 

Hamilton,  Petor  Huibert  Glenn  (Bolti  Qajah,  Malaya). 

Lamb,  Arthur  James  {MaraiibuTg,  Tranauaal), 

Landoastle,  Ralph  (Birmmgham,  WanoiKkthire). 

HoCuUooh,  Oerold  William  {Naixatllt-on-Tyne,  Northumberland). 

Maaamann,  FtAncis  Orenville  (fiomslcy,  Yorkahin). 

Nater,  Rudolph  Charles  (SanUi  Ro*a  <U  Copan,  Hondvrat). 

Passmore,  Linton  James  Bartle  {Kimtmu,  Kmi/a), 

Bees,  John  David  {Holywell,  Flinlthire). 

Rowe,  Edward  James  [Pralea,  Gold  Ooaal). 

Smith,  Maurioe  (Stilau>ai/o,  SoufAent  Shodegia). 

Wilaon,  Tom  ReveU  [Lobitoa.  Peru). 
The  following  have  applied   for  admisaion   into   the   iBstilulJOB  aifMS 
September  12th,  1946  : 
To  Mbhbkrship — 

Cocks,  William  Trevor  Blarney  {Sh^field,  YorkAin). 
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To  AsSOOIATESHrP — 

Borradaile,  Arthur  Beusil  Collingwood  (OcUootnay  Southern  Hhodeeia), 

Paton,  James  Heweit  (Cumnock,  Ai/r»hire). 

Rice,  Herbert  Ralph  (Raichur,  India). 

Severs.  Robert  Braithwaite  {MarUmppam^  South  India). 

Strong,  Brian  Eustace  {Pennard,  Olamorganshire). 

Trftloar,  William  Henry  Nash  {Penhalonga,  Southern  Rhodema). 

Trythall,  William  John  (Accray  Chid  Cofxst). 

To  Studentship — 

Bartlett,  Brian  {Reading,  Berkshire). 

Bath,  Kenneth  Arthur  Edmund  (OiUingham,  Kent). 

Cave,  Ck>lin  Campbell  {Lond<m). 

Champness,  Peier  Anthony  (EtveU,  Surrey). 

Davidson,  David  Hay  {Sevenoaks,  Kent). 

Dayson,  William  Anthony  Prosser  (Birmingham,  Warwickshire), 

Dennis,  John  Gordon  (London). 

Dizioglu,  Mehmet  Yusuf  (London). 

Domzalski,  Wojciech  (London). 

Gibson,  David  (BexhUl-on-Sea,  Sussex). 

Grondijs,  Alfred  Allen  (London). 

Grun,  Bronislaw  (London). 

Khan,  Abdul  Mannan  (Croydon,  Surrey). 

Kilic,  A.  Enver  (London). 

Knapp,  John  Henry  (Camborne,  Cornwall). 

Linzell,  Peter  George  (Coulsdon,  Surrey). 

Parkes,  David  Martyn  (Braintree,  Essex). 

Pearse,  Geoffrey  Edwin  (Croydon,  Surrey). 

Roberts,  Adrian  John  (Matlock,  Derbyshire). 

Semmens,  John  William  (Southall,  Middlesex). 

Simmons,  Donald  John  (London). 

Standers,  John  Rudolph  (Selukvr,  Southern  Rhodesia). 

Taylor,  Arnold  (London). 

Watts,  Martin  (Dover,  Kent). 

Weekes,  Peter  Thomas  (Camborne,  Cornwall). 

Williams,  Jack  (Uayle,  Cornwall). 

Wilson,  John  Comer  (Leeds,  Yorkshire). 

Worthy,  Stanley  Raymond  (Camborne,  Cornwall). 


TRANSFERS  AND   ELECTIONS. 

The  following  have  been  transferred  (subject  to  confirmation  in  accord- 
6uice  with  the  conditions  of  the  By-Laws)  since  September  12th,  1946  : 
To  Mbmbebshif — 

Chappel,  John  Traer  (Ipoh,  Malaya). 

Dannatt,  Cecil  William  (London). 

Hawee,  James  Thomas  (La  Carolina,  Spain). 

Manglis,  Costa  Pericles  (Nicosia,  Cyprus). 

Wardrop,  John  George  LeeseLs  {Keswick,  Cumberland). 
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TRANSFBRS  AND  ELBCTIONS-^0(NififMied: 


To 


Andrew,  Robert  Bnioe  {DwutUn,  New  Zeakmd). 

Birkbeokt  Janm  Martin  {Bouol  Engmnrs), 

Blic^t,  Gharlee  Gerfield  (Booibmrg,  Trammfoal). 

.daric,  William  Lionel  GladweU  {Johamuafmrg,  Tncmnoo/). 

Dunstan,  Arthur  Stanley  (Jof,  Nmrihwn  N4gmria)» 

Fitoh,  Frederick  Harry  (Baiu  Gqfofh  Mahya). 

Walker,  Stanley  Edmond  (£f«iia»c»»  £fiwt*em  iUb4Ml0^ 

Wallace,  Reginald  Cathenrood  (DmmoUat^  Trammfoal). 
The  following  have  been  elected  (subject  to  confirmation  in  aoooidanoe 
with  the  conditions  of  the  By-Laws)  since  September  12th,  1046  : 
To  Mkmbbbbhip — 

Giegerich,  Joseph  R.  {Kimberley,  BriUah  Columbia). 

Qooday,  Wilfred  Emile  (Johahnesburg,  Tranmnal)  (reinstatement). 

Kirkpatrick,  William  Stafford  (Trail,  BrUiah  Columbia). 
ToAbbooiatbship — 
'    Arthur,  John  Albury  ( West  Band,  Tranevaal), 

Barker,  John  {Choelo,  Southern  Bhodeeia). 

Bhatt,  Gunvantrai  Vrajalal  (Lohardaga,  India), 

Brodie,  Robert  Philip  {Hove,  Suaeex)  (reiostatement). 

Francis,  Edward  Carey  (Bairakm  Ladi,  Northern  Nigeria)  (reinstate- 
ment). 

Gobert,  Manoil  Joseph  {Selhirk,  Manitoba,  Canada), 

Knshnaswamy,  Erapally  {Champion  Beefs,  South  India), 

Napier,  Alexander  Nicol  {Aboso,  CMd  Coast), 

Osbom,  George  Howard  (Aylt^ury,  Buckinghamshire). 
To  Studentship — 

Stuckey,  Ronald  Clive  (London). 

Tremlett,  Chri8tt)pher  Percy  (Newquay,  Cornwall). 


NEWS  OF  MEMBERS. 

Members,  Associates  and  Students  are  invited  to  supply  the  Secretary  with 
personal  news  for  publication  under  this  heading. 

Mr.  E.  C.  AiRTH,  AsHociate,  lias  lel't  East  Rand  Proprietary'  Miiiet».  Lt<J., 
to  join  the  staff  of  Blyvoomitzirht  Odd  Mining  Co.,  Ltd. 

Mr.  G.  Keith  Allen,  Member,  has  left  England  on  a  visit  to  Wost  Africa. 

Mr.  D.  O.  Abmstronci,  AsHocUite,  has  left  England  for  India  to  take  up 
the  appointment  of  chief  motallurgist  at  Hutti  gold  mines. 

Mr.  R.  B.  Allwkioht,  Associate,  has  arrived  in  Englsuid  from  Ni^ria. 

Mr.  Charles  A.  Banks,  Member,  has  been  swoni  in  as  Lieutenant- 
Covemor  of  British  Columbia. 

Mr.  L.  H.  Babtlett,  Member,  has  left  England  on  a  visit  to  India  and 
expects  to  return  in  six  months*  time. 

Mr.  J.  8.  Benson,  Associate,  is  leaving  England  to  join  the  staff  of  London 
and  African  Mining  Trust,  Ltd.,  in  Nigeria. 

Mr.  A.  J.  Bensusan,  Member,  expects  to  leave  Western  Australia  early 
this  month  to  visit  his  son,  Mr.  A.  M.  Bensusan,  Associate,  who  has  taken 
over  a  gold  mine  in  Southern  Rhodesia  under  a  Government  scheme  for 
ex-servicemen.     Ho  may  come  to  England  in  the  suumier  of  1947. 
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NEWS  OF  MEMBERS-^xmlMMiMi. 

Mr.  P.  Bb8T,  AssociaU,  has  returned  to  the  Kolar  Gold  Field  after  fiirlough 
in  England. 

Mr.  R.  A.  L.  Black,  Student,  has  arrived  at  Johannesburg,  where  he  is 
an  official  learner  at  City  Deep  mine. 

Col.  H.  H.  W.  BoYES,  Af.C,  Member,  has  returned  to  Northern  Nigeria. 

Mr.  J.  K.  Bboadhubst,  Associate,  has  left  England  to  rejoin  the  staff  of 
Anglo  Oriental  (Malaya),  Ltd.,  Kuala  Lumpur. 

Mr.  W.  A.  Buske,  Associate,  is  now  in  England  on  leave  from  Nigeria. 

Mr.  J.  T.  Chafpel,  Member,  has  left  England  on  his  return  to  Malaya. 

The  Hon.  E.  W.  M.  Cokayne,  Student,  is  now  workin|f  for  Central  Patricia 
Gold  Mines,  Ltd.,  Ontario. 

Mr.  C.  Courtis,  Associate,  has  rejoined  the  staff  of  Consolidated  African 
Selection  Trust,  Ltd.,  Gold  Coast,  after  demobilization. 

Mr.  C.  A.  Cbeelman,  Associate,  has  resigned  his  post  of  imderground 
superintendent  of  New  Occidental  Gold  Mines,  N.L.,  Cobar,  N.S.W.,  to 
join  the  staff  of  Emperor  Gold  Mining  Co.,  Ltd.,  Fiji. 

Mr.  A.  Ctvbtecka,  Associate,  has  arrived  in  Colombia  to  take  up  a 
position  with  ^^rontino  Gold  Mines,  Ltd. 

Mr.  £.  B.  Davies,  Associate,  has  returned  to  Malaya  on  the  staff  of  Anglo 
Oriental  (Malaya),  Ltd.,  Perak. 

Mr.  K.  H.  Davison,  Associate,  has  left  England  to  begin  work  with  Cia  de 
Petroleo  Shell  de  Colombia. 

Mr.  E.  W.  Dawson,  Associate,  has  left  Non-Ferrous  Minerals  Develop- 
ment, Ltd.,  to  join  Mianrai  Teoranta,  Eire. 

Mr.  E.  L.  Day,  Associate,  has  left  England  on  a  visit  to  the  Gold  Coast 
for  Imperial  Chemical  Industries,  Ltd. 

Bir.  J.  E.  Denyeb,  Associate,  has  been  released  from  the  Royal  Engiaeers 
and  has  retiuned  to  Mawchi  Mines,  Ltd.,  Burma. 

Mr.  F.  T.  C.  Doughty,  Associate,  has  rejoined  Cyanamid  Products,  Ltd., 
after  demobilization. 

Mr.  T.  M.  Dover,  Associate,  has  been  appointed  opencast  mines  manager 
at  the  Scunthorpe  Mines  Section  of  United  Steel  Companies,  Ltd. 

Mr.  S.  B.  C.  Edwards,  Associate,  has  joined  the  staff  of  the  Directorate 
of  Opencctft  Coal  Production,  Ministry  of  Fuel  and  Power. 

Mr.  Douglas  F.  Foster,  Associate,  has  left  England  to  take  up  a  post 
with  Messrs.  James  Barwell  (South  Africa),  Ltd.,  Johannesburg. 

Mr.  W.  F.  Garwood,  Associate,  has  resigned  from  the  Southern  Rhodesian 
Government  Mines  Department. 

Mr.  Donald  Gill,  M.C,  Member,  is  returning  to  Englemd  from  Egypt. 

Mr.  W.  C.  Grummitt,  Associate,  has  returned  home  from  abroad. 

Mr.  R.  M.  Hannah,  Student,  has  joined  the  Indicm  Copper  Corporation, 
Ltd.,  aa  works  metallurgist. 

Mr.  R.  J.  Harvey,  Associate,  has  retired  from  his  post  with  the  Sulphide 
Corporation,  Ltd.,  after  36  years*  service,  and  has  settled  at  Lake  Macquarie, 
N.S.W. 

Mr.  G.  H.  HoBY,  AssocicUe,  hc»  been  appointed  chief  surveyor  of  the 
Witwatersrand  Nigel  Grold  Mining  Co.,  Ltd. 

Mr.  V.  T.  HocKiN,  Associate,  has  been  appointed  chief  inspector  of  mines, 
Tangai^ika  Territory,  with  retrospective  effect  from  January,  1945. 
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Mr.  H.  HoCKiNO,  Asaociate,  haa  rewimed  his  appointment  ai 
I'ahang  CoDBotidatc<d  Co.,  Ltd..  Malaya. 

Mr,  R.  R.  H.  HuKBLBV,  A^»or,iatf.  formerly  of  tlia  Royal  Bogineera, 
sttach»]  tndiait  Enginoers,  has  been  awarded  the  M  B.E. 

Mr.  J.  R.  HoHETNa.  Studtat,  haa  Ipft  England  U>  join  the  BtolT  of  Conaoli- 
■dat^d  .African  Selection  Trust,  Ltd.,  Sipira  Leone. 

Mr.  J.  O.  HowElxs.  Mfmber,  is  in  England  from  British  Columbia  and 
will  soon  be  leaving  for  Denmarh  and  Sweden. 

Mr.  W.  HuTCHiN,  Aimoeiate,  is  now  in  England  on  leave  from  the  Gold 
Coast. 

Mr.  J.  H.  Jaceson.  A^aoeiate.  han  left  England  for  Rhodesia,  to  join  Roan 
Antelope  Copper  Mines.  Ltd. 

Mr.  D.  E.  S.  KiNa,  Ageociale,  is  returning  to  England  from  Malaya. 

Mr.  E.  C.  KsTTCKer.  Membrr,  has  been  appoini^d  manager  and  chief 
mining  engineer  of  Chreetien  Mica  Industries,  Ltd..  Bihar,  India. 

Mr.  H.  A.  KiTRSBLL.  Mtmber,  has  bnen  sppointod  consulting  eogineer  M 
the  Mining  Department  of  the  Americon  Smelting  and  Refining  Co. 

Mr.  N.  Landao,  Membtr.  haa  loft  Rezonde  Minoe.  Ltd.,  on  his  appoint- 
ment as  superintendent,  Guinea  Fowl  Miners'  Training  School,  Southern 
RhodBeia. 

Mr.  R.  LAMDCASTt-E,  Sliidail,  has  left  England  to  t.ake  up  a  post  as 
inspector  of  mines,  Tanganyika  Territory. 

Mr.  R.  J.  Lemmon,  Membrr.  has  left  England  for  the  Gold  Coast. 

Mr.  A.  M.  McMillan,  A^tociaK.  has  urrived  in  England  from  the  Gold 
Coast. 

Mr.  C.  P.  HcMuxiH,  Aatociate,  has  returned  to  the  Gold  Coast. 

Mr.  J.  C.  Mance,  Mtniber,  has  been  released  from  his  employiDeat  with 
'  the  Ministry  of  Supply. 

Mr,  W.  Maneovsey,  AMociate,  has  left  England  to  take  up  the  appoint' 
ment  in  Northern  Nigeria  of  geologist  to  the  London  and  African  Mining 
Trust,  Ltd. 

Mr.  L.  C.  MiLLBiT,  AsBoclatt,  has  returned  to  the  Gold  Coast  after  furiou^ 
in  England. 

Mr.  J.  I.  Milmb,  Ataociaie,  has  left  England  on  a  six  months'  viait  to 
Burma- 
Mr.   R.   H.   MrrcHELL,   Aatociatt,   expects  to   arrive   in   Enf^and  bom 
Rhodesia  about  the  end  of  November. 

Mr,  P.  E.  MoLYNEUX,  Atgociate,  is  now  in  Rhodesia. 

Mr.  G.  C.  MoBOAN,  Aatoeiatt,  having  been  demobilized,  is  now  on  the 
'  Gold  Coast. 

Dr.  N.  E.  Odeu.,  AaaociaU,  has  been  lecturing  in  India  and  expects  to 
return  to  Elngtand  this  month- 
Mr.  L,  E.  T.  Pabeek.  AsMxiate,  has  left  England  to  join  the  staff  of 
Anglo-Iranian  Oil  Co.,  Ltd,,  at  Ahadan,  South  Iran- 
Mr.  I.  L,  Pattebson,  Atsocialr,  has  arrived  in  Malaya  from  En^asd. 

Mr.  H.  J.  D.  PKNHAI.E,  Membtr,  has  returned  to  Fernando  Po  from 
'  leave  in  England. 

Mr-  J.  Pekhai.e.  Atsoeialt,  has  returned  to  Sierra  Leone  &om  B 
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Mr.  W.  PuLFREY,  Assoeiaie,  has  arrived  in  England  on  leave  £rom  Kenya, 

Mr.  C.  H.  RiCHABD8»  Member,  has  left  England  on  his  return  to  Tangan* 
yika  Territory. 

Mr.  J.  A.  RoYCE-EvANS,  Student,  has  been  released  by  Gold  Coast  Maiii 
Beef»  Ltd.,  to  rejoin  Gold  Ck>ast  Banket  Areas,  Ltd. 

Mr.  F.  G.  Sharp,  Aasociate,  is  on  his  way  to  India,  after  leave  in  England, 
to  return  to  Mysore  Gold  Mining  Co.,  Ltd. 

Dr.  A.  C.  Sksbi*,  Associate,  at  present  chief  geologist  to  Quebec  Gold 
Mining  Corporation,  B.C.,  has  also  been  appointed  consulting  geologist  to 
Cariboo  Gold  Quartz  Mining  Co.,  Ltd. 

Mr.  R.  SifYTHE,  Aaaociate,  has  left  England  to  rejoin  the  stafif  of  Nundy- 
droog  Mines,  Ltd.,  M3nBore. 

Mr.  W.  V.  C.  Stephens,  Aaaociate,  has  left  Leeds  and  is  now  working  in 
London. 

Mr.  G.  Stiles,  Aaaociate,  has  been  appointed  manager  of  the  Sheba 
Section,  New  Consort  mine,  Barberton,  £.  Transvaal. 

Mr.  H.  L.  Stock^in,  Aaaociate,  has  arrived  in  England  on  leave  from  India. 

Mr.  A.  I.  SussMANN,  Aaaociate,  who  was  demobilized  in  1945,  is  now  at 
Spctarwater,  Transvaal. 

Mr.  P.  A.  W.  Thuell,  Student,  has  joined  the  staff  of  Messrs.  Osborne  A, 
Chappel,  Ipoh,  Malaya. 

Mr.  J.  W.  C.  Treeby,'  Aaaociate,  has  returned  to  Malaya  to  resume 
practice  at  Pencuig. 

Mr.  E.  H.  Treoonino,  Aaaociate,  is  returning  to  Burma  from  England 
after  furlough  to  resume  his  position  with  the  Burma  Corporation,  Ltd. 

Mr.  A.  J.  Walton,  Member,  is  sailing  for  South  Africa  early  this  month 
after  his  visit  to  England. 

Mr.  E.  J.  Wayxand,  Member,  has  arrived  in  England  on  leave  from  South 
Africa. 

Mr.  J.  S.  Williams,  Aaaociate,  is  now  in  England  on  leave  from  India. 

The  following  Members  of  the  Institution  have  been  elected  Honorary 
Life  Members  of  the  Chemical,  Metallurgical  and  Mining  Society  of  South 
Africa  :  Dr.  J.  V.  N.  Dorr,  Mr.  T.  K.  Prentice,  Brigadier  R.  S.  G.  Stokes, 
C.B.E.,.  D.S.O,,   M.C,   Professor  S.   J.   Truscott,   and  Mr.   J.   Allan 

WOODBURN. 


E.  A.  Banning. 
E.  B.  Currie. 
L.  W.  Elsum. 


ADDRESSES  WANTED. 

A.  W.  Eyre. 

A.McCaU. 

J.  H.  Marshall. 


P.  H.  G.  Owen. 
E.  R.  Robinson. 
W.  E.  Storey. 


BOOK  REVIEWS. 

Examination,  Boring,  and  Valuation  of  Alluvial  and  Kindred  Ore 
Deposits.  By  H.  L.  H.  Harrison.  London  :  Mining  Publications, 
Ltd.,  1946.     X,  264  p.,  illus.     30b. 

This  useful  textbook  fully  bears  out  the  author's  claims  in  his  preface, 
namely  '  to  assist  the  untrained  man,  to  arouse  interest  in  what  some  may 


I  ipoiiotonon>  tMBy  flDQ  to  contriboto 
of  methodt  *.    Ito  poblieatioii  appeals  at  an 

an  aoeomtilatioa  of  many  yean'  aneafB  in  f«'T*^"*g  ^^  Co^^ 
aUnviali  and  at  the  aame  time  a  grave  Aortage  of  yonqg  epginaw 
to  this  claai  of  work.  Whilft  indnding  a  uaeful  »■■■>■■■— j  of  tha 
tenatioe  of  eoonomie  nunerala  foimd  in  aoriace  depoaiti^  the  anthor  cnly 
toucfaea  lightly  on  the  aapecta  of  their  geoiogieal  oeemigueei>  and  rjg^itly  ffv 
for  the  aobject  is  far  too  large  to  be  dealt  with  faupetly  in  a  book  <if  tfeii 
■le.  Tin  nnnnfiitnitni  moatij  fwi  ikitailnil  rtfTfi|itiiina  nf  the  tnrhnifjini  i€ 
boringy  pitting  and  treatment  of  wamplaa  On  theae  aobjeeCa  he  givae  a 
wealth  of  detafl  rmrtHy,  ifev^r,  pabUahed  previoody,  and  the  book  ia  ihwilj 
the  work  of  a  man  who  haa  had  long  experience  of  aetoal  lieki  work.  Ilia 
anfaiect  of  the  vafaiation  of  baoxite,  manganeae  and  aoriace  depuaita  of  a 
kindred  natme  ia  alao  diacu«ed/ 

The  book  ia  folly  illiiatraled  witl^  figiuea  and  plates  nt  equiptiient  and 
methoda,  and  haa  aa  well  a  eomprdienaive  number  of  iqppandioea  and  tabka 
to  eover  moat  of  an  engineer'a  requirementa.  The  photogn^ihic  piatet^ 
whilet  not  tip  to  pre-war  atandarda,  are  dearer  than  in  many  war-tima 
publications,  whilst  the  printing  is  dear  and  the  line  diagvama  ewnellMtb 

It  ia  oertainly  a  book  which  ahoold  be  indoded  in  the  libraiy  af  every 
engineer  engaged  in  thia  daaa  of  work,  and  its  usefulneas  to  the  man  in  the 
field  ia  enhanced  hy  ita  portabiUty. 

W.  W.  Vabtill. 

Prindplea  of  Field  and  Bflnlng  Geology.    By  J.  D.  FoasBnEB.    New 
York  :   John  Wiley  A  Sons,  Inc.,  1946.     647  p.,  316  iSgs.     $7,  43b. 

This  instructive  book  makes  an  opportune  appearance  at  a  time  of  \'itsl 
need  for  mineral'' exploration  and  the  discovery  of  new  ozebodies.  It  is 
written  on  the  premise  that  the  reader  is  already  familiar  with  the  elemen- 
tary principles  of  geology  and  mineralogy,  and  the  treatment  is  primarily 
concerned  with  the  field  technique  of  mining  geology. 

Part  I  deals  with  the  recognition  and  correlation  of  geological  phenomena 
such  as  faults,  cleavage,  and  folded  structures,  and  includes  a  sketchy 
description  of  the  nature  of  economic  mineral  deposits.  Part  II  gives  a 
clear  account  of  general  field -survey  practice  and  procedure,  including 
methods  of  determining  dip  and  strike,  measuring  distances,  and  conducting 
Brunton  compass  and  alidade -plane  table  sur\'eys.  The  third  part  is  of 
special  concern  to  the  mining  geologist-,  for  it  discusses  underground  map- 
ping, the  technique  of  sampling,  drilling  methods,  Cmd  the  application  of 
geophysical  means  of  exploration,  though  the  English  reader  may  find  Uttle 
interest  in  the  section  dealing  with  Federal  mining  statutes  in  the  United 
States.  Part  IV  deals  with  the  interpretation  and  use  of  field  data,  including 
the  preparation  of  geologiced  maps  and  sections,  the  analysis  of  structural 
controls  of  ore  deposition,  -the  determination  of  minable  ore  limits,  the 
treatment  of  sample^assay  analyses,  the  computation  of  ore  reserves,  and 
the  submission  of  formal  geological  reports  on  individual  mines  and 
prospects. 

In  attempting  to  cover  such  a  wide  field  it  is  not  surprising  that  certain 
aspects  of  the  subject  receive  rather  sccuit  attention,  but  one  might  reason- 
ably have  expected  more  detail  on  methods  of  mapping  and  recording 
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surface  geology.     Nevertheless,  the  book  is  a  notable  addition  to  the  few 

available  volumes  dealing  with  the  field  technique  of  mining  geology.     It 

is  weO  written  and  organized,  illustrated  with  clear  diagrams,  and  can  be 

highly  recommended  especially  to  anyone  actively  interested  in  the  search 

ibr  mineral  deposits  and  in  their  appraised. 

David  WnxiAMB. 


OBITUARY. 


Charles  Thomas  Andrews  died  at  Middlesex  Hospital,  London,  on 
September  3rd,  1946,  at  the  age  of  62.  He  began  his  career  in  1902  as  a 
pupil  at  the  London  laboratory  of  Bir.  Edward  Riley,  where  he  was  employed 
<>n  the  assaying  of  minerals  and  metals,  and  in  1906  was  appointed  head 
chemist  in  charge  of  the  laboratory  attached  to  Carlos  Wigg's  manganese 
.«nd  iron  ore  mines  at  Minas,  Brazil.  He  held  this  position  for  four  years, 
.also  restarting  and  managing  the  local  fotmdry,  and  then  was  made  mine 
.captain  and  assistant  to  the  mine  manager.  In  1913  Mr.  Andrews  took  up 
employment  with  Asia  Minor  Concessions,  Ltd.,  as  mining  assistant  engaged 
on  the  development  of  vcuious  deposits  in  Turkey,  and  after  a  few  months 
he  went  to  Spain,  prospecting  for  Diana  Mines,  Ltd.,  Jaen.  During  the 
1914-1918  war  he  served  at  Gallipoli  with  the  Royal  Naval  Division 
Engineers,  and  with  commissioned  rank  in  174  and  252  Tunnelling  Com- 
panies, R.E.,  in  France.  He  returned  to  England  in  1918  and  rejoined 
Messrs.  Riley,  Harbord  and  Law  as  assayer  and  mineral  chemist,  where  he 
jemained  for  twelve  years.  Li  1931  and  1932  Mr.  Andrews  worked  in  Eire 
for  the  British  (Non-Ferrous)  Mining  Corporation,  Ltd.,  and  in  1933  went 
to  West  Africa  and  was  for  three  years  assistant  engineer  to  the  Africaa 
Manganese  Co.,  Ltd.,^  on  the  production  and  assaying  stafif.  He  then  took 
up  the  position  of  metallurgist  with  Ustipraca  Mining  Co.,  Ltd^,  m  Yugq- 
43lavia,  euid  returned  to  England  ecurly  in  19)9.  In  recent .  years  failing 
health  prevented  him  from  practising  his  profession. 

Mr.  Andrews  was  elected  to  Associateship  of  the  Institution  in  1910. 

Charles  Lawrence  ButUn  died  in  Johannesburg  on  August  29th,  1946, 
at  the  age  of  67.  He  was  a  student  at  the  Camborne  School  of  Mines 
from  1896  to  1900,  emd  in  December,  1900,  he  took  up  the  appointments, 
which  he  held  for  three  years,  of  engineer- in -charge  of  a  manganese  mine 
in  India  controlled  by  the  Centred  Provinces  Prospecting  Syndicate.  In 
1904  he  went  to  South  Africa  as  sampler  to  the  New  Heriot  Gold  Mining 
Co.,  Ltd.,  €uid  later  joined  the  staff  of  Ferreira  Grold  Mining  Co.,  Ltd.  In 
May,  1910,  he  took  up  the  post  of  mine  overseer  and  acting  mcuiager  to 
Modderfontein  B  Gold  Mines,  Ltd.,  and  four  years  later  was  appointed 
manager.  He  served  in  this  capacity  from  November,  1914,  to  December, 
1935,  leaving  to  become  consulting  engineer  (mining)  to  Central  Mining 
-and  Investment  Corporation,  Ltd.,  in  Johannesburg.  He  retired  from  this 
position  at  the  end  of  1945  and  had  continued  to  live  in  Johannesburg  luitil 
his  death.     He  wc»  elected  a  Member  of  the  Institution  in  1937. 

Gerald  Noel  Carroll  died  on  15th  August,  1944,  at  the  age  of  53.  He 
was  educated  at  Bedford  Grammar  School  and  went  to  Germany  in  1904 
to  Neuenheim  College,  Heidelberg,  and  was  at  Heidelberg  University  from 
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1907  to  1908.    Ha  qpent  the  folkmiog  year  in  Hflnov«r»  imd  in  1910  bogHi 
hia  minii^  oaraar  «^  Kni^ta  Deep*  Ltd.»  Genmatoiit  Tiaiuvvaal,  wbaie  be 
vamained  nine  yean»  during  the  laat  two  of  iHiioh  he  lield  the  poaition  of 
mine  captain.    He  was  managar  of  aabeatoa  minea  at  FSetanbing  fiom 
1919  to  1922,  and  during  the  latter  year  acted  aa  efficieney  ofBcar  to  the 
Witwoterarand  Qold  Mining  Oo.  in  GermiatoD*    He  became  manager  aocoMi 
ively  of  Spea  Bona  Qold  Mining  Cp.»  and  Geldeuhuia  Tribntofa,  Johannaa- 
harg,  and  firom  May,  1924,  waa  employed  for  aix  mon&a  aa  geologiat  to 
MeBsra.  Roenhaugh  ft  Co.,  of  Dar-ea-Salaam,  Tanganyikak  TsnitMy.    In 
Auguat,  192^,  Mr.  Oanroll  took  up  the  appointment  of  manager  in  charge  of 
;  field  qperationa  with  Northern  Platinum  Exploration,  Ltd.,  in  theTranavaa]* 
and  left  their  employment  at  the  end  of  1926  to  join  the  ataff  of  Luipaardi- 
vlei  Estate  and  Qold  Mining  CSo.,  Ltd.,  at  Krugeradorp  aa  underground 
manager  aiid  later  aa  sectional  manager  and  acting  general  manager.    He 
reaigned  early  in  1928  owing  to  Dl  health,  but  for  aix  montha  from  the  end 
of  the  year  held  the  poaition  of  reaident  engineer  at  the  Alaaka  copper  mine 
in  Southern  Khodeaia.    He  then  woriced  in  Northern  Rhodeaia  aa  getdogiet 
to  Rhodeaian  Congo  Border  Conceeaion,  Ltd.,  until  1981,  and  ficom  1932 
to  1938  waa  employed  by  Conaolidated  Main  Reef  Minea  and  Eatate,  Ltd. 
After  holding  the  managerdil^  of  Babraaco  gold  minea  at  Klerkadcvp  for  a 
fow  montha  he  aet  up  in  practice  aa  conanlting  mining  engineer  in  Johannea- 
burg.    He  waa  elected  to  Aaeociateahip  of  the  Institution  in  198ff. 

Hubert  Gartwrl^t  died  on  July  21st,  1946.  He  received  his  pco- 
fessional  training  at  the  Royal  School  of  Minea  from  1890  to  1894.  and 
■obtained  an  Associateship  in  Metallurgy.  He  first  went  to  Southern 
Rhodesia,  where  he  remained  for  the  whole  of  his  professional  career,  in 
1895  as  assistant  mining  engineer  to  Goldfields  of  Matab^eland,  Ltd. 
From  1903  to  1904  he  was  mine  manager  of  Eldorado  mine  in  Lomagundi, 
and  a  year  later  beccune  mine  manager  of  Mandora  mine  and  subsequently 
of  Simoona  mine,  Mazoe  District.  For  three  years  from  1906  Mr.  Cart- 
wright  worked  for  British  United  Great  Becu*  and  Dalny  mines  in  the 
Hartley  District,  and  in  1909  and  1910  was  prospecting  in  the  Shamva 
District.  He  then  waa  engaged  for  two  years  as  a  mining  contractor 
before  taking  up  the  position  in  1913  of  shift  boss  at  the  Owl  mine.  He 
served  as  a  gunner  in  the  H.A.C.  from  1917  to  1918,  but  resumed  his  career 
in  1919  as  mining  engineer  and  manager  of  Lomah  (Rhodesia)  Mining  Co., 
Ltd.,  which  position  he  held  for  eight  years.  In  1927  he  was  appointed 
chrome  contractor  to  the  Rhodesia  Vanadium  Co.,  Ltd.,  and  from  1929 
managed  Mapeke  Asbestos  Mines,  Ltd.  In  recent  years  he  worked  mines 
on  his  own  account. 

Mr.  Cartwright  was  elected  to  Associateship  of  the  Institution  in  1906. 

Ernest  Gerald  Dustow,  of  the  South  African  Air  Force,  is  reported  to 
have  been  killed  while  on  active  service  in  North  Africa.  He  was  educated 
at  Redruth  County  School  from  1928  to  1935,  and  received  his  professional 
training  at  Ceunbome  School  of  Mines  from  1935  to  1938.  On  completing 
his  course  he  went  to  the  Transvaal  as  official  learner  at  Brakpan  Mines, 
Ltd.,  cuid  during  his  two  years  there  worked  on  mine  sampling,  valuation, 
and  surveying.     He  joined  the  South  African  Air  Force  on  July  1st,  1940, 
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and  waa  subsequently  reported  nuoBing.  It.  is  believed  that  he  was  shot 
down  over  Tobmk.  Mr.  Dustow  was  elected  a  Student  of  the  Institution 
in  193a. 

Willem  Johannes  Dirk  Kloezeman  died  in  hospital  about  July,  194Sl 
at  the  age  of  54,  after  internment  by  the  Japanese  in  Java.  Of  Dutch 
parentage,  he  was  apprenticed  in  1912  to  Messrs.  Werf-Conrad,  Ltd.,  of 
Haarlem,  Holland,  but  left  in  March,  1916,  to  join  the  SiHgkep  Tin  Mining 
Co.,  Ltd.,  at  Singkep,  Malacca  Straits.  In  August;  1918,  he  took  up 
the  appointment  of  assistant  manager  at  Tanjong  (Rambutan),  Ltd.,  for 
Messrs.  Osborne  &  Chappel,  and  in  1919  transferred  to  the  post  of  divisioA 
manager  at  Kinta  Tin  Mines,  Ltd.,  €k)peng.  After  a  few  months  he  wak 
appointed  Malayan  representative  of  Messrs.  Werf-Cohrad,  Ltd.  H4 
stayed  with  this  firm  for  seven  years  and  at  the  same  time  carried  od 
various  mining  engineering  activities.  He  acted  as  consulting  mining 
engineer  from  1921  to  1924  for  Dr.  W.  A.  Rogers,  was  managing  partne^ 
to  Foothills  Tin  Syndicate  fh>m  1923  to  1924,  and  consulting  engineer  fo^ 
Sungei  Bias  Tin,  Ltd.,  and  Sungei  Hujan  Tin,  Ltd.  In  March,  1926,  BfrC 
EJoezeman  joined  the  firm  of  Lindeteves-Stovis,  Inc.,  engineers  and  !m^ 
porters,  and  was  in  charge  of  their  mining  and  engineering  activities  in  the 
Federated  Malay  States  and  Siam.  Foiu*  years  later  he  took  over  the 
management  of  Kay-Yew  (Kinta  Valley)  Tin  Mines,  Ltd.,  at  Menglembu^ 
Perak,  F.M.S.,  which  was  later  reconstructed  as  Kay  Tin  Mines  (Kinta)» 
Ltd.,  of  which  he  was  general  manager.  He  held  this  position  for  many 
years  and  continued  to  work  in  Malaya  until  the  Japanese  invasion.  No 
news  had  been  received  of  him  until  it  was  learned  that  he  had  been  in  a 
Japanese  internment  camp  in  Java  and  had  died  from  exhaustion. 

Mr.  Kloezeman  was  elected  to  Associateship  of  the  Institution  in  1933.   > 

Professor  James  Park,  doyen  of  the  mining  profession  in  New 
Zealand,  died  on  July  29th,  1946,  at  Oamaru,  at  the  age  of  89.  He  w^ 
bom  in  Aberdeen  and  received  his  professional  training  at  the  Royal  School 
of  Mines  between  1872  and  1874.  He  went  immediately  afterwards  to 
New  Zealand  but,  finding  no  suitable  employment  there,  joined  the  ranks 
of  the  Gordon  Highlanders  in  India.  He  returned  to  New  Zecdaiid  after 
a  very  brief  army  career,  during  which  he  was  woimded,  and  was  appointed 
to  the  Geological  Survey  Department  as  assistant  geologist  in  1 878.  Twelve 
years  later  he  took  up  the  position  of  Director  of  Thcusies  School  of  Mines 
and  Superintendent  of  the  Government  Experimental  Metallurgical  Works. 
He  relinquished  this  appointment  to  act  as  consulting  engineer  to  various 
companies  fh)m  1896,  but  in  1901  wc»  appointed  Professor  of  Mining  and 
Mining  Geology  at  Otago  University.  He  was  later  made  Dean  of  the 
Faculty  of  Mining  and  Economic  Geology,  and  on  his  retirement  in  1932 
was  appointed  Professor  Emeritus.  Professor  Park  was  the  author  of  many 
papers  and  textbooks,  including  three  papers  published  in  the  TranaacHona 
of  the  Institution — '  Notes  on  the  action  of  cyemogen  on  gold  *  (vol.  6, 
1897-8),  *  Notes  on  the  coalfields  of  New  Zealand '  (vol.  8,  1899-1900), 
and  '  On  the  course  of  border-segregation  in  some  igneous  magmas  '  (vol. 
14,  1904-5).  He  was  elected  a  Member  of  the  Institution  in  1896,  and  in 
1931  was  elected  to  Honoreuy  Membership  in  recognition  of  his  great 
service  to  mining  education. 
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Profe88or  O.  J.  Wiliiams  writes :  PrafesBor  Puk  belonged  to  the  old 
•ohool  before  the  days  of  specialization,  and  his  interests  were  ezoeptioii- 
aUy  diverse.  He  became  a  leader  in  scientific  societies  in  New  Zealsnd, 
and  his  scientific  status  coupled  with  an  unusually  sound  judgment  caused 
him  to  be  recognised  as  one  of  the  leading  mining  engineers  and  miniDg 
gDolbgists  of  his  day»  and  he  was  called  upon  to  report  on  mining  properties 
mm  far  afield  as  New  Csledonia,  Canada,  and  Spain. 

Professor  Park's  retentive  memory,  his  sense  of  humour,  and  his  never- 
fiuling  optimism  made  him  a  deli^tful  conversationalist  and  an  agreeable 
oompanion.  He  loved  to  entertain  his  students  and  to  recount  to  them 
atories  of  his  youth  :  he  kept  young  by  his  assooiataon  with  the  younger 
generation.  He  has  4  large  family  and  his  youngest  son  later  became 
world  famous :  he  is  Air  Qiief  Marshal  Sir  Keith  Paric,  who  is  so  weD 
known  for  his  part  in  the  Battle  of  Britain,  as  the  air  defender  of  Malta, 
«nd  later  as  Allied  Air  Commander-in-Chief,  South-East  Asia  Conunand. 
It  was  as  if  a  life  of  exceptional  fullness  and  usefiilnesB  were  crowned  by  the 
visit  of  Sir  Keith  and  JLady  .Parip:  to  him  shortly  before  he  passed  away. 
The  anticipation  of  this  visit  had  susta^ied  him  through  many  months  of 
illness. 

.    Professor  Parkas  portrait  is  hung  in  the  Scottish  National  Gallery  at 
Edinburgh  among  those  of  other  distinguished  Scotsmen. 


The  Council  regret  to  report  the  death  of  Walter  Broadbrldge,  Membtr, 
on  October  23rd,  1946 ;  Arthur  GIbb,  AsaodaU,  on  February  13th,  1942 ; 
Anthony  Charles  Bovill  Malcolm- Sim,  Associate,  on  October  30th, 
1946  ;  and  John  Waters  Sutherland,  Member,  on  September  26th,  1946. 
Obituary  notices  will  appear  in  a  later  BvUetin. 


LIST     OF     ADDITIONS     TO     THE     JOINT      LIBRARY      OF      THE 
INSTITUTION    AND    THE    INSTITUTION    OF    MINING    ENGINEERS. 

The  address  of  the  Library  is  now  424  Salisbury  House, 
London,  E.C,  1,  and  books  {excluding  periodicals)  may  be 
borrowed  by  members  on  personal  application  or  by  post, 

Ameaican  Institute  of  Mining  and  Metallurgical  Engineers  : 
Transactions.  Vol.  164,  Geophysics,  1945.  N.Y. :  The  Institute. 
1946.     426  p. 

Australia.  Council  for  Scientific  and  Industrial  Research  :  19th 
Annual  Report  for  the  Year  ended  30th  June,  1945.  Canberra  : 
Govt.  Printer.     1945.     164  p.     78. 

British  Standards  Institution  :  Yearbook.  London :  The  Institu- 
tion.    1946.     296  p.     28. 

Colliery  Explosions  and  Recovery  Work.  A  Textbook  for  Candi- 
dates FOR  THE  First-Class  Managers'  and  Under-Manaoebs* 
Certificates,  2nd  ed..  by  J.  W.  WTiiteJcer  and  H.  L.  Willett. 
London  :  Pitman.     1946.     128.  6d.     {Presented  by  the  Publishers.) 
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£XAMIHATION»  BOBINO  AND  VALUATION  OF  ALLUVIAL  AKD  KiKDRBD  ObE 

DspoaiTS,  by  H.  L.  H.  Harrison.     London :    Mining  Publications. 
1946*.     x»  264  p.     30b. 

Experiments  on  Coking  Pbact^ce  :  The  Effect  of  Type  of  Oven  upon 
THE  Pbopebtdss  OF  THE  CoKE.  Department  of  Scientific  and  Lidua- 
trial  Reeearch,  Fuel  Research.  London :  H.M.S.O.  1946.  37  p. 
26  plates.     4s.     {Presented  by  the  Direcior  of  Fuel  Research,) 

<}eochemical  Subvey  of  the  Undebgbound  Wateb  Supplies  of  the 
Union  of  South  Afbica,  bp  G.  W.  Bond.  South  Africa  Geological 
Survey  Memoir  No.  41.  Pretoria :  Geological  Survey.  1946. 
216  p.,  maps.     lOs. 

Oeology  of  the  Messina  Coppeb  Mines  and  Subboundino  Coitntby, 
by  P.  G.  Sdhnge.  South  Africa  Geological  Survey  .Memoir  No.  40. 
Pretoria  :  Geological  Survey.     1945.     280  p.,  maps.     £1  Is. 

'Handbook  of  Pbocedube  and  EvidenAb  in  Abbitbation,  by  W.  T. 
Creswell  and  Norman  P.  Greig.  London :  Eyre  and  Spottiswood. 
1946.     175  p.     10s.  6d. 

Institution  of  Mechanical  Enoineebs  :  Pbooeedinos,  Wab  Emeb- 
oency  Issues  1-12.  Vol.  153.  London :  The  Institution.  1945. 
517  p. 

Xntebnational  Glossaby  of  Acadebuc  Tebms.  Paris :  Intemation^ 
Federation  of  University  Women.     1939.     755  p.     10s.  6d. 

Intbinsic  Safety  of  Electbical  Appabatus  ;  the  Minimum  Ionttino 
Cubrent  in  Relation  to  Cmcurr  Constants,  by  G.  Allsop,  E.  M. 
Gu^ault,  and  A.  D.  I.  Nicol.  Safety  in  Mines  Research  Board  Paper 
No.  104.     London :  H.M.S.O.     1946.     16  p.     6d. 

Ibon  and  Steel  Institute  :  Joubnal.  Vol.  151.  London :  The 
Institute.     1945.     570-f  161  -f  44  p. 

Law  of  Trade  Unions,  2nd  ed.,  by  H.  Seunuels.  London  :  Stevens. 
1946.     96  p.     6s.     {Presented  by  the  Publishers,) 

Matbbials  Handling  Manual.  Vol.  2.  M.  M.  Williamson  and  G.  W. 
Williamson,  eds.     London  :  Elek.     1945.     488  p.,  illus.     £1  10s. 

'Ontario  Department  of  Mines  :  Annual  Repobt.  Vol.  52,  Pt.  1, 
1943.     Toronto  :  Govt.  Printer.     1946.     277  p.,  tables. 

Tratique  Miniere  Britannique,  1939  k  1945,  by  N.  E.  Webster.  (Paper 
presented  at  the  Conference  given  by  the  Soci6t6  Royale  Beige  des 
Ing^nieurs  et  des  Industriels,  18  May  1946.)  9  p.  {Presented  to  the 
Institution  of  Mining  Engineers  by  the  Author,) 

J^rinciples  of  Field  and  Mining  Geology,  by  James  Donald  Forrester. 
N.Y.  :  WUey.     1946.     647  p.     £2  2s. 
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Repoht  on  the  Kestohation  PnoBuiu  IK  THE  Ironstonk  iKin^Tav  Dt 

THE      MlDtANDB.        SiTMMABY      OT     FlNlllNOS      AND      RBCOMMENDATIOSS. 

Ministry  of  Town  and  Country  Planning.  London  !  H.M.S.O.  IM6. 
17  p.     3d. 

Repobts  or  TSB  BuiTiaH  and  Combinbd  Intellirbnck  Objbctives  Sib- 
CoMMn-TEKS  (B.I.O.S.  and  C.I.O.S.J.  Fni.n  Istoriiatios  Aobncs, 
Technical  (F.I.A.T.).  akd  Joint  iNTKU-tRBNCE  Objb(Wive8  Aotscr 
(J.T.O.A.).  Vftrioiie  roporie  have  been  presented  by  the  Department 
of  Scientific  and  Industrial  K««earoh  aod  are  listed  under  the  Index  oF 
Rocent  Articles. 

Statisticai,  Digest,  1B4S.  Ministry  of  Fuel  sjid  Power.  London ; 
H.M.S.O.     Oct.,  1946.     114  p.     2s. 

SURVEYINO   OF  'tuVSK  CoNVEVIsa  IS  THE   NomNDHAUaHIBE  AKTl   DbXBT* 

sHUtE  CoALFiELOB.  The  Midland  Counties  Colliery  Owners'  Asu- 
ciation.  Derby;  The  Askociation.  1046.  53  p.  (PrenenUd  to  tte 
Inalituiion  of  Mining  EngimrTi  by  the.  Attocialion.) 

Union  of  Solth  Atiuca.  Bkpoht  upok  thk  Work  or  ms  Minsbs' 
PoraiBis  Mbdioai.  Bctbbau  pok  tub  Thrbb  Vbabb  bndkd  Sin 
Jci,T.  1944.     Protcfi* ;  Govt.  Printer.     1948.     52  p.     7s.  6d. 

MAPS. 

Arozntinx.  Camara  Argentina  de 
for  industrial  ptupoees.  Scale 
Industria  Miners.     1946. 

BouBLAMAQCE  (80CTH  Wkbt),  Abitihi  Codmty,  Qukbbc.  0«ologiMl 
Survey  Preliminary  Map  46-17.  Scale:  1  in.  =  l,000  ft.  Ottawa: 
Bureau  of  Geology  and  Topography.     1946. 

CAU.UM  Cbxbk,  Alberta.  Geologioal  Survey  Preliminary  Map  46-10. 
Scale  :  2  in.  =  l  ml.  Ottawa:  Bureau  of  Geology  and  Topography. 
te4«. 

Makitoba..  Geologioal  map  of  Manitoba.  Map  860A.  Scale:  1  'm.= 
20mL     Ottawa:  Bureau  of  Geology  and  Topography.     IMS. 

Manitoba.  Mineral  map  of  Manitoba.  Map  851A.  Scale :  1  ui.  =  20  ml. 
Ottawa  :  Bureau  of  Geology  and  Topography.     1946. 

Ottawa — Cornwau.,  OiH'abio  and  Quebec.  Geological  Sur\-ey  lUp 
g62A.  Scale:  1  in.  ^4  ml.  Ottawa:  Buroau  of  Geology  and  Topo- 
graphy.    1946. 

Strjut  of  Canso,  Nova  Scotia.  Geological  Survey  Preliminary  ItMp 
46-I2A  and  Paper  46-12.  Scale:  2in.^lml.  Ottawa:  Bureau^ 
Geology  and  Topography.     1946. 
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INDEX  OF  RECENT  ARTICLES. 

NOTE. — All  Articles  indexed  are  available  for  reference  in  the  Library  of  the 
Institution,  ft  is  regretted,  however^  that  unbound  periodicals 
cannot  be  lent. 


ANALYSIS  AND  CSIEMISTRY. 

ANALYSIS  —  ALUMINIUBL  —  Volumetric 
detennmation  of  aluminum :  applied  to 
analyaet  of  liUca-alumina  catalysts.  Margie 
N.  Hale.— /wrfinfr.  Engng.  Chtm,,  Analyt.  EiL, 
Eastoo,  Pa.,  VoL  18,  S^t.,  1946,  pp.  568-9. 
fiO  cents. 

ANALYSIS  —  ALUMINIUM  —  FLUORO- 
METRIC  METHOD.— Fluorometric  deter- 
minatioQ  of  aluminum  in  steels,  bronzes,  and 
minerals.  Alfred  Weiasler  and  Charles  B. 
White.— /iMiM8«r.  Engng.  Ckem.,  Amdyt.  Ed., 
Gaston,  Pa.,  Vol.  18,  Sept.,  1946,  pp.  580-34. 
60  cents. 

ANALYSIS  —  COBALT — COLORIBfETRIC 
METHOD.r-.Colo(imetiic  determination  of 
cobalt  in  metalhugical  products  with  nitrose 
.R  salt  R.  S.  Young,  E.  T.  Pinkey,  and  R. 
Dkk.—Industr.  Engng.  Chem.,  Analyt.  Ed., 
Easton,  Pa.,  Vol.  18,  Aug.,  1946,  pp.  474-6. 
50  cents. 

ANALYSIS  —  MANGANESE.  —  Simplified 
determination  of  manganese  in  caustic  soda. 
Raymond  F.  Moran  and  Alton  P.  MoCue. — 
rndustr.  Engng.  Ck€m.,  Amdyt.  Ed.,  Easton, 
Pa.,  VoL  18,  Sept.,  1946,  pp.  556-7.     50  cents. 

ANALYSIS  —  MAGNESIUM  —  VOLU- 
METRIC METHOD.— Volumetric  determin- 
•tioQ  of  magnesium  in  magni^um  carbonate 
ores.  Loring  R.  Williams.— /Miiutf.  Engng. 
Ckem.,  Analyt.  Ed.,  Easton,  Pa.,  VoL  18, 
Sept.,  1946,  pp.  54S-4.    50  cents. 

CHEMISTRY  —  MICROCHEMISTRY.  — 
Monograph  on  microchemistry  and  its  appli- 
cations. Ronald  Bekher.— /foy.  Insf.  Chtm., 
Lond.,  1946,  52  p. 


ASSAYING  AND  SAMPLING. 

SAMPLING— AUTOMATIC  SAMPLERS- 
DESIGN. — Design  of  automatic  samplers. 
M.  D.  Midson.— CA«m.  Engng.  Min.  Rev., 
Melb.,  VoL  58,  July  10, 1946,  pp.  867-70.    Is. 


GOAL. 

ACCIDENTS— FIRES— NOVA  SCOTIA  — 
PICTOU  COALFIELD.— Recent  mine  fires 
in  Acadia  No.  7  colliery.  R.  P.  Nicholson.— 
Trans.  Canad.  Inst.' Min.  Metatt.,  Vol.  49, 
1946.  pp.  407-12  (Canad.  Min.  MetaU.  BuU., 
Montreal,  Na  413,  Sept.,  1046.     |1). 

ANALYSIS— MILLIN  METHOD.— Study  of 
millin  technique  for  determination  of  carbon 
and  hydrogen  in  coaL  R.  J.  Grace  and  A.  W. 
Ganger.^Industr.  Engng.  Chem.,  Analyt.  Ed., 
Easton,  Pa.,  VoL  18,  Sept.,  1946,  pp.  568-5. 
50  cents. 

BRIOUETTING  —  SWANSEA.  —  New  bri- 
qnetang  jplant  at  Tir  Llewlyn,  Swansea. — 
CoUiery  Guard.,  Loud.,  VoL  178,  Aug.  28, 
1946.  pp.  239-41.     lOd. 


€X}Alj-~eonlimud. 

BY-PRODUCTS  —  CHEMICALS  —  GER- 
MANY.— Study  of  hydrogen  and  mrthane 
production  from  coke  oven  gas  I.G.  Farben- 
kdustrie  AG.  Hochst  A/Main.— F.I.AT. 
Final  Report  No.  518, 1945,  68  p. 

BY-PRODUCTS  —  TAR  —  TREATMENT. 
— Geaellachaft  fiir  Teerverwertung  Varsiaer- 
Strasae,  Duisbiug-Mdderich,  Ruhr. — B.I.O.S. 
Final  Report  No.  596,  Item  No.  30,  July, 
1945, 12  p. 

COKE  — COKE  OVENS  —  GERMANY.— 
Coke-oven  installation  of  Reichwerice  A.G., 
Hermann  GMng  Werke  at  Watenstedt  near 
Brunswick.— C.I.O.S.  Item  No.  80,  File  No. 
XXXIII-87, 1945,  27  p. 

COKE  — COKE  OVENS  —  GERMANY. — 
Heinrich  Koppers  Gm.b.H.,  Molkte  Straase 
29,  Ea8en.---C.I.O.S.  Item  Na  80,  File  No. 
XXXIII-89.  1945,  8  p. 

COKE  — COKE  OVENS  —  GERMANY. — 
Nordstem  coke-oven  plant,  Gelsenkirchner 
Bexgwerks  A.G.— C.I.O.S.  Item  No.  80,  File 
No.  XXXIII-40,  April,  1945,  5  p. 

COKE  — COKE  OVENS  —  CHARGES. — 
Control  of  bulk  densities  in  coke  ovens: 
Studies  on  precision  of  various  testing 
methods.  H.  S.  Auvil,  L.  D.  Schmidt,  and 
H.  G.  Graham.— {/.S.  Bur.  Min.  Rtp.  IwmsL 
No.  8985,  Wash.,  D.C.,  May,  1946,  21  p. 

COKE— COKING  COALS— BLENDING.— 
Blending  properties  of  low  and  mfdiun^ 
volatile  coals  as  determined  in  the  BM-AGA 
apparatus.  D.  A.  Reynolds  and  J.  D.  Davis. 
—U.S.  Bur.  Min.  R*p.  Inv^^.  No.  8936,  Wash., 
D.C,  May,  1946,  20  p. 

COKE— COKING  PRACTICE— GERMANY. 
— ^A  new  coke  breaker. — B.I.O.S.  Final  Report 
No.  891,  Item  No.  80, 1946,  8  p. 

COKE  —  BfETALLURGICAL  COKE  — 
GERMANY.— Metallurgkal  coke  (Dr.  Ing.  A. 
Thau,  Didier  Werke  A.  G.  Beriin).— F.I.A.T. 
Final  Report  No.  408, 1945, 106  p. 

COKE  —  METALLURGICAL  COKE  — 
GERMANY.— Study  of  metallurgical  coke 
devel<^nnents  in  methods  of  production  and 
testing  (Roechling'sche  Stahlwerke  V61kingen. 
Saar).— F.I.AT.  l^inal  Report  No.  531,  1945, 
135  p. 

DEVELOPMENT.— Colliery  planning  and 
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Wash.,  D.C  Vol.  ti,  April,  1M6,  pp.  68-7. 
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HOISnNG  — ELECTRIC  HOISTS.-:Blec- 
trie  boiets  for  ooDieries.  F.  E.  Simpeoo.— 
JfiM.  sua.  Meek.  £iigr.,  Mendir.,  voL  97, 
Aug.,  1948,  pp.  68-74.     9s.  6d. 

HOISTING  —  OVERWINDING  —  PRE- 
VENTION.—Precentioiis  agatest  oferwind- 
ing.  A.  E.  Cnxik.— 7fmw.  /mfn.  if <».  Enftt., 
Load.,  VoL  105,  Pt  11,  Aug.,  1048,  pp.  W7- 
694.    8b. 

HOISTING— ROPES— WIRE  ROPES  — 
CONSTRUCTION.— Winding  rape  ooattnic- 
tioB.— Jl#4».  /.,  Lend..  VoL  9^,  Sept  14, 1046, 
pp.7tO-SL    8d. 

HOISTING  — ROPES  — WIRE  ROPES  — 
INSTALLATION.— The  insUllation  of  mrc 
ropes.  L.  Sanderaoo. — Mine  &  Qumrry 
EngHg.,  Lend.,  VoL  13,  Oct.,  1946.  pp.  116-19. 
Is. 

HOISTING  —  WINDERS  —  BRAKES.  — 
Dynamic  braldng  on  A.C.  winder  motor  at 
Lady  Windsbr  coOiery.— Colliery  Gwurd., 
Lond.,  VoL  173,  Sept.  6,  1046,  pp.  209-808. 
lOd. 

ILLUMINATION.— A  report  oi  the  Miiir 
Lighting  Sub-Committee  to  the  National 
Illumination  Committee  o£  Great  Britain. — 
Tram.  Indn.  Min,  Enffs.t  Ixmd.,  VoL  1U6, 
Pt.  7,  April,  1946,  pp.  33S-8S.     6& 

MALAYA. — ^Tbe  relationship  of  the  geological 
sunrey  to  the  mining  industry  of  Malaya. 
E.  S.  Willboum.- /fN^.  Insi.  BuU.,  Lond., 
VoL  44,  April-June,  1946,  pp.  198-48.     3s.  6d. 

MEXICO.— Vistas  of  Mexican  mining  :  Pt.  1, 
Pachuca — King  of  silver  produoen;    Zaca- 


i'  big  producer.  Evan  Just.— £figiig. 
Mm.  /.,  N.Y.,  VoL  147.  Sept.,  1946,  pp.  74-6. 
9ft  cents. 

MINING  METHOBS— MECHANICAL.  — 
Coal-faoe  machinery  with  special  reference  to 
oontn^  and  protection.  F.  W.  Maynaxd. — 
Min.  EUct.  Meek.  Eng.,  Manchr.,  VoL  27, 
Sept.,  1946,  pp.  91-9.     2s.  6d. 

MINING  METHODS  —  MECHANICAL.  — 
L'4quinuent  mlchanique  de  rentrepriae.    A. 
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MINING  METHODS  —  OFBMCAST  — 
SHOVEL  LOAIMNG.— ShowBl  loadli«.  Las 
Da  Bdi.- fisMMtf.  Amt..  S.  MOmnha^  VoL 
40,  Aug.,  1048,  pp.  4iMML    Sf 


MINING  MBniODS-U.SA.- 
minfaig  metboda.- Fhilto  B.  Buckr.- Jfta. 
COM'.  /.,  Wadk,  IXCiTVoL  89,  April,  1848^ 
pp.  88-4.    90  cents. 

NORTH  CAROLINA— CABARRUS  CO.— 
CLINE  MINE.-Ssplaratlaii  at  tha  Otoe 
mine,  Cabamit  coonty,  N.C.  Wflnm  A 
Beck.— <;.5.  Bur.  Min.  R^.  Immtat.  No. 
3878,  Wash.,  D.C,  April.  1848,  4  p. 

NORTHWEST  TERRITORIES— YBLLOW- 
KNIFB.— The  fokkn  trail  to  YdhnikBiie: 
C.  H.  Vivian.— COM^.  Air  Mmf^  N.Y., 
VoL  81,  Sept,  1848,  pp.  9MK-88. 


r. — Mtm.  Soe.  Int.  Civ.  Fr.,  Paris, 
Jan.-April,  1946,  pp.  78-98. 


PLACERS— BRITISH  COLUMBIA.— Ftafisr 
mining  in  British  ColumWa.  Staff  membsn 
of  the  B.C  Department  of  Minea.— ir«  Mimr, 
Vanoouven  B.C  VoL  19,  Aug.,  1M8^  pp. 
88-74.    98  cents. 

PROSPECTING —  CANADA.  —  Reoowl  m- 

rfttion  efforts  boom  CsDntfui  niiBlng  Meaa. 
D.  Hoffman  and  Aniokl  HaAnani.— 
Enfm.  Min.  /.,  N.Y.,  VoL  147.  Mm^  IHK 
PP.81ML    ftOeeota. 

PROSPECTING— GEOPHYSICAL  PROS- 
PECTING—PRE-CAMBRIAN  SHIELD.- 
Application  of  geophysical  prospecting  to  the 
pre-cambrian  shield.  T.  Koulomsine. — W. 
Miner,  Vancouver.  B.C.,  Vol.  19,  July,  1946 
pp.  87-9.    35  cents. 

PROSPECTING— RADIOACTIVE  MINER- 
ALS —  FERROCHEMICAL  METHODS.  — 
Relation  of  conductivity  and  total  solid  content 
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Bear  Lake  region.  Frank  £.  Senftle. — Trims. 
Canad.  In^.Min.  MeUiU.,  VoL  49,  1946,  pp. 
439-46  iCanad.  Min.  MetnU.  BnlL,  MootmL 
No.  113,  Sept..  19-16.     $1). 

RUSSIA. — Russian  science  of  mining.  A.  A 
Skochinski.— Afm.  /.,  Lond.,  Vol.  297,  Oct  ft, 
1946,  p.  792.     8d. 

SHAFTS— SINKING.— The  kxatioD  and 
sinking  of  shafts.  A.  Ndaon.— CotfMvy 
Guard.,  Lond.,  VoL  178,  Sept.  90,  1946.  pp. 
357-60.     lOd. 

SUPPORT.— Roclcpressure and  roof  support : 
Pt.  eifonduded).  Z.S.BeyL— CcWsyyEafiv.. 
Lond.,  Vol.  93,  Oct..  1946,  pp.  960-64.    Is. 

SUPPORT— ROOF  FALLS.— Causes  and  we- 
vention  of  mine  roof  falls.  Frank  G.  Smith.— 
Min.  Congr.  /.,  Wash.,  D.C.,  Vol.  89,  April, 
1046,  pp.  39-12.    20  cents. 

SUPPORT— SUBSIDENCE.— Some  a^ects 
of  ground  movement.  (The  Witwnteanad 
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.\ttn.  Soc.  S.  Afr.,  J'buig.,  VoL  46,  May-June^ 
1946,  pp.  278-312.     3s.  Gd. 
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VENTILATION.— Recent  developmento  in 
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Durh.  Kin^t  OM.  Min.  Soc.  /.,  July,  1946, 
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VENTILATION— AIR  CONDITIONING.— 
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high  temperatures  on  the  efficiency  of  workers 
in  deep  mines.  Anthony  Caplan  and  J.  K. 
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CHROM I UM— OREGON.— Chromite-bearing 
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433-38  iCanad.  Min.  Mtiall.  Bull.,  Montcral, 
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April,  1946,  66  p. 

LIMESTONE  —  KILNS  —  ROTARY.  - 
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The  Panasqueira  Mines »  Portugal: 
Wolfram  Mining  and  Milling :  Labour  Organization.'*' 

By  J.  C.  Allan,  Member,  G.  A.  Smith,  Meynber, 
and  R.  I.  Lewis,  Associate . 

Introduction 

The  Panasqueira  mines  in  Portugal,  the  property  of  Beralt  Tin 
and  Wolfram,  Ltd.,  cover  an  area  of  15  square  kilometres  of 
concessions  situated  among  the  foothills  of  the  southern  flank  of 
the  Serra  da  Estrela  range  of  mountains,  which  run  diagonally 
across  the  country  in  a  south-westerly  direction.  The  small  town  of 
Fundao,  300  kilometres  from  Lisbon,  on  the  Beira  Baixa  railway, 
is  the  nearest  railway  station  and  is  40  kilometres  by  road  from  the 
property  ;  16  kilometres  of  this  road  were  built  and  are  maintained 
by  the  company  (Fig.  1). 

History 

Local  legend  has  it  that  the  Romans  and,  later,  the  Moors 
worked  the  property  for  cassiterite.  Although  there  is  none  of  the 
evidence  usually  found  associated  with  ancient  workings  in  Portugal, 
it  is  probable  that  such  did  in  fact  exist.  The  extensive  allu vials 
that  occur  in  the  granite  country  surrounding  the  central  mass 
of  phylhtes  on  which  Panasqueira  is  situated  were  more  easily 
worked  for  cassiterite  and  it  is  probable  that  no  large-scale  work 
was  carried  out  at  Panasqueira  itself  owing  to  the  difficulty 
experienced  in  separating  cassiterite  from  wolfram.  Small  mounds 
of  highly-oxidized  wolfram  have  been  found  in  the  surface  workings 
of  certain  cassiterite  areas  and  it  is  supposed  that  these  represent 
the  useless  product  picked  out  from  cassiterite-bearing  ore  by  the 
Moors.  The  first  known  recoi*ded  reference  to  mineralization  at 
Panasqueira  is  found  in  a  descriptive  catalogue  (dated  1889)  of  the 
Tnining  section  of  an  exhibition  held  in  Lisbon. 

♦Paper  received  on  27th  July,  1945. 


J.  C.  AHJiS,  G.  A.  8HITB.  AND  B.  1.  LBWTS  : 


1 


Ro.  t. — Ma-p  of  Portugal  riiowing  position  of  Poawquwra  nlative  ta 
pbyllitca  and  granite. 
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In  1894  an  enterprising  local  inhabitant  took  to  Lisbon  samples 
of  wolfram  which  aroused  the  interest  of  the  professor  of  mineralogy 
there  to  such  an  extent  that  he  took  up  prospecting  licences  and 
started  production  on  a  small  scale.  This  must  have  been 
successful  for,  in  1898,  the  Government  Gazette  authorized  the 
Wolfram  Mining  Company  in  Portugal  to  work  wolfram  mines  in 
the  boroughs  of  Fund&o  and  Covilhft.  This  company,  later  financed 
by  Banco  Bumay,  continued  until  1910,  but  little  is  known  of 
its  operations  or  production. 

In  1910  the  mine  was  rented  to  an  EngUsh  company,  which,  in 
1911,  purchased  the  entire  rights  and  operated  under  the  name 
of  the  Wolfram  Mining  and  Smelting  Company  until  1928,  when 
it  was  incorporated  as  Beralt  Tin  and  Wolfram,  Ltd. 

Up  to  1910,  operations  had  been  on  a  small  scale ;  Uttle  more 
than  tributing  with  a  large  number  of  small  adits  from  which 
veins  were  stoped  under  difficult  conditions.  In  1912,  however, 
Adit  No.  5,  the  main  cross-cut  in  the  section  known  as  Old  Panas- 
queira,  was  started  (Figs.  2,  Plate  I,  and  8).  This  was  the  first 
attempt  to  cross-cut  under  the  main  series  of  veins  at  this  level. 
Production  of  concentrates  increased  and  averaged  200  tons  of 
wolfram  per  year  from  1910  to  1919,  rising  to  a  peak  of  814  tons  in 
1916  and  falling  to  96  tons  in  1919,  when  production  ceased  owing 
to  the  very  low  price  for  the  mineral. 

From  1919  onwards  the  mine  passed  through  a  period  of  alternate 
stagnation  and  operation  until  1927,  when  the  company  was  recon- 
structed under  its  present  name  and  intensive  development  of 
the  tin-bearing  areas  was  put  in  hand.  At  the  same  time,  wolfram 
production  was  restarted  and  continued  until  1981,  after  which  for 
a  time  only  tin  areas  were  worked.  From  figures  available, 
production  would  appear  to  have  been  of  the  order  of  25  to  80 
tons  per  month,  consisting  of  wolfram  and  cassiterite  in  approxi- 
mately equal  proportions. 

In  1984  the  capital  of  the  company  was  increased  and  the  mine 
was  reorganized  and  re-equipped  under  new  technical  management. 
Its  history  from  that  date  has  been  one  of  constant  expansion. 
Table  I  shows  the  rapid  increase  in  production  of  wolfram 
concentrates  from  1984  to  1941.  The  gradual  stoppage  of  supplies 
from  England  as  well  as  labour  difficulties  resulting  from  war 
conditions  made  themselves  felt  by  1940/41  and  it  was  not  until 
October,  1942,  that  it  became  possible  once  again  to  bring  pro- 
duction back  to  the  higher  figures  previously  obtained. 

The  price  paid  for  wolfram  concentrates,  which  before  the  war 
had  been  of  the  order  in  Portuguese  currency  of  Esc.  10  $00  per 
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Table  I 

Concentrates  Production 
{Metric  Tons) 


.  « f 


Year  to 
March  3l8t 

* 

Wolfram 
Concenifates 

Caasiterite 
Concentrates 

Total 
Production 

Average 
per  Month 

Index 
Figme 

1934/36 

381 

108 

489 

41 

100 

1936/36 

486 

189 

674 

66 

138 

1936/37 

740 

163 

903 

75 

185 

1937/38 

.   1,103 

126 

1,229 

102 

251 

1938/39 

1,650 

132 

1,782 

148 

364 

1939/40 

1,890 

108 

1,998 

166 

408 

1940/41 

2,368 

103 

2,471 

206 

505 

kg.,  roBB  steadily  under  tho  influence  of  competition  to  fisc. 
650  $00  per  kg.  Trained  labour,  tempted  by  the^e  high  prices,  left 
the  services  of  the  company  to  work  on  their  own  account,  a 
highly  lucrative  yet  illicit  occupation.  A  recruiting  caiupai^i 
had  to  be  i)ut  into  operati«>n  to  obtain  the  necessary  labour  from 
parts  of  the  country  where  mining  was  unknown.  The  majority 
of  the  men  so  recruited  were  of  a  poor  type,  drawn  by  the  high 
wages  that  the  company  was  obliged  to  offer.  The  result  of  th(»se 
diihculties  was  reflected  in  production,  which  foil  progressively, 
until,  in  .January ,  11)412,  it  had  reached  the  lowest  figure  since 
November,  1987. 

How(»ver,  by  increase^  in  wages,  the  building  of  acconnmKiatiou 
for  an  extra  2.0(K)  men,  and  the  training  of  labour,  it  gradually 
became  possible  to  increase  production  and,  by  the  time  materials 
became  available  from  Great  13ritain,  the  ;>fain  Adit  section  with 
portal  at  Barroca  Grande  (Figs.  *2.  Plate  I,  and  3)  had  been  j)re- 
pared  for  a  monthly  production  of  3(X)  tons. 

In  September,  1943,  production  reached  the  total  of  279  tons  of 
wolfram  concentrates.  Early  in  that  month  order.^  were  received 
to  curtail  production,  as  the  high  export  duties  converted  a  low-cost 
producer  hito  an  expensive  source  of  wolfram.  From  Septeml)er. 
1943,  until  wolfram  mining  was  suspended  in  »]une,  1944.  by  the 
Portuguese  (lovernmeiit,  production  was  curtailed.  Production 
from  nil  sources  for  the  period  1941  to  1944  is  shown  in  Table  11. 
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Table  II 

CklNCBNTRATBS   PRODUCTION 

{Metrie  T(ma) 


1    ■ 

Wolfram 

Casiti- 
terite 

Total 

Average 

per 
Month 

Index 
Figure 

April, 

1941 /Sept.,    1941 

1,088 

20 

1.108 

'  186 

453  ^ 

Oct., 

1941 /March,  1942 

833 

2 

^835 

139 

342 

April, 

1942/Sept.,    1942 

1,057 

27 

1,084 

181 

443 

Oct., 

1942/Mazch,  1943 

1,240 

44 

1,284 

214 

525 

April, 

1943/Sept.,    1943 

1,410 

28 

1,438 

240 

588 

Oct., 

1943/Mapnh,  1944 

1,005 

36 

1,041 

173 

426 

April, 

1944/June,     1944 

333 

14 

347 

116 

284 

The  object  of  the  present  paper  is  to  review  operations  from 
April,  1934,  when  mine  production  amounted  to  21  tons  of  conceiir 
trates,  to  March,  1944,  and  to  describe  the  manner  in  which  ^ 
steady  and  consistent  increase  in  production  and  efficiency  was 
achieved. 

Geology 
•  The  Panasqueira  area  lies  in  very  hilly  country,  ranging  from 
an  altitude  of  1,088  metres,  the  highest  point  on  the  property,  to 
600  metres  in  minor  valleys,  and  down  to  850  metres  on  the  Biver 
Zezere — ^a  tributary  of  the  River  Tagus  and  the  main  drainage  of 
the  area.  This  topography,  while  creating  transport  and  con- 
struction problems,  offers  the  advantage  of  exposing  long  lengths 
of  vein  outcrops,  which  have  faciUtated  study  of  the  vein  systems 
and  have  afforded  ready  means  of  opening  up  veins  by  adits 
(Pig.  4,  Plate  II). 

Some  idea  of  the  value  of  the  topographical  situation  may  be 
gained  from  the  statement  that  outcrop  workings  carried  out 
either  by  the  Company  or  tributers  total  some  45  kilometres. 
While  records  prior  to  1984  are  not  complete  a  close  estimate  puts 
the  total  production  of  wolfram  from  the  concessions  at  some- 
thing over  ^,000  tons,  of  which  15,600  have  been  produced  since 
1W4.  This  represents  some  2,000,000  square  metres  of  total  ground 
broken,  all  above  adit  level  and,  therefore,  with  no  drainage 
problem. 
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Geologically  the  ubb  ii 
wderiun  by  metomondtoeed 
sedimeDtary  rooka,  chiefly 
phylliteB,  whi^  in  bam  an 
underiain  by  and  almost  eom- 
pletely  sanounded  by  gnnite 
(Fig.  1).  No  granite  ooeon 
on  the  Panasqneiia  proper^ 
iticlf,  the  nearest  ontonp 
being  tome  ten  kilometem 
diataat,  although  Frofeiaot 
W.  B.  Jones  estimates  tha 
gnnite  to  be  at  not'  leas  than 
600  metrei  below  the  main 
mineraliBed  lone. 

Mineralization  aocompanied 
the  granite  intrusion  and 
fottowed  joint  {hrhbr  tunueff 
as  the  result  of  the  maiu 
ornstal  movement  vhi^  had 
previously  affected  the 
Iberian  Peninsula.  The 
various  joint  planes  formed 
can  for  convenience  be  divi- 
ded into  those  irith  a  low  dip 
and  those  with  a  steep  dip. 
The  former  dip  both  south- 
west and  north-west  and  are 
the  most  important,  as  they 
were  the  channels  generally 
followed  by  the  iofilliug  min- 
eralizing agents.  The  steep- 
dippin)(  joint  planes  an 
usually  tight  and  are  only 
occasionally  filled  with  luin- 
oralJied  quartz  which  in  thiu 
stringers  couuecta  overlapping 
leuaes  on  the  low-dip  planes. 
There  are  particular  exoep- 
tions  to  this  case-— notably, 
two  steeply-dipping  veins 
which     traverse     the     main 
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mineralized  area  in  a  north-east /south- west  direction  and  dip  south- 
east. It  is  suspeoted  that  these  two  veins  are  more  important 
than  at  first  supposed,  for  indications  are  that  the  greater  part  of 
the  wolfram  minerahzation  lies  between  them.  At  the  horizon  oi 
the  Main  Adit  they  are  some  300  metres  apart,  with  a  tendency 
to  converge  both  in  a  north-easterly  direction  and  down  the  dip.  w 

Orebodies,  chiefly  confined  to  the  south-west  dipping  joint 
planes,  are  lenticular  in  form,  up  to  1*20  metres  thick  and  thinning 
out  at  their  edges.  Their  average  thickness  for  a  number  of  years 
has  been  30  centimetres.  For  convenience  of  operation  and 
nomenclature,  a  succession  of  these  lenticular  bodies,  along  the 
same  general  line  and  dip,  is  known  as  a  vein,  the  general  dip 
being  10°  in  a  south-westerly  direction  (Fig.  8).  These  lenses  are 
continuous  on  the  strike  and  dip  for  lengths  which  vary  from 
only  a  few  metres  up  to  100  metres  and  occasionally  more.  At 
their  extremities,  in  both  strike  and  dip  directions,  they  desert  one 
joint  plane  for  another  parallel  to  it,  a  few  feet  above  or  below, 
and  generally  overlap  one  another,  as  shown  in  Fig.  5  (Plate  III). 
A  feature  of  these  extremities  is  that  they  are  often  highly 
mineralized  with  wolfram. 

The  '  veins  '  are  separated  vertically  by  distances  varying  from 
five  to  twenty  metres.  In  the  Old  Panasqueira-Panasqueira  Deep 
wolfram  area  (Figs.  2  and  3)  eight  main  series  of  continuous  lenses 
have  been  worked,  but  the  incidence  of  subsidiary  lenses  is  such 
that  it  is  not  uncommon  for  mining  operations  to  break  through 
from  one  to  another. 

Mineralization  consists  of  wolfram,  cassiterite,  p\Tite,  arseno- 
pyrite,  some  chalcopyrite,  and,  occasionally,  blende,  with  traces  of 
galena,  together  with  siderite  and  gilbertite  mica,  occurring  in  a 
quartz  gangue.  Wolfram  is  disseminated  irregularly,  generally  as 
large  crystals  or  as  a  rib  along  the  foot-  or  hanging-wall.  Fig.  6 
(Plate  III)  shows  a  typical  case  of  wolfram  enrichment.  This 
irregular  habit  of  the  wolfram  minerahzation  makes  it  impossible 
in  practice  to  determine  the  value  of  any  vein  by  normal  sampling 
methods. 

A  number  of  faults  traverses  the  area  in  a  north-south  direction, 
but  although  post-mineralization  in  age  these  do  not,  except  for 
what  is  known  as  the  Main  Fault  (Figs.  2  and  8),  cause  nmch  dis- 
turbance of  veins.  Their  correlation  is  naturally  difficult,  owing 
to  the  lenticular  nature  of  the  orebodies,  but  it  is  not  the  throw  of 
the  Main  Fault  which  has  caused  concern  but  its  apparent  effect 
on  minerahzation.  It  appears  to  divide  the  main  miuerahzed 
zone  into  two  areas — that  of  more  or  less  regularly-dipping  lenses 
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on  the  east  side  and  thai  of  iin^giilarly-dippuig  lenses  on  the  west* 
The  former  consistentiy  follow  the  soath-west  low-dipping  joint 
planes,  while  the  latter  wander  indiscriminatelj  from  the  soath* 
west  to  the  north-west  joint  planes  and  vice  yeraa. 

Examining  this  farther,  it  is  deduced  that  the  sonth-wesi-dtpping 
joint  planes  were  easier  of  access  to  lower-temperature  solutions, 
with  a  resultant  preponderance  of  wolfram  values,  whereas  the 
north-west-dipping  joint  planes  were  tighter  and  onlj  penetrated 
hj  more  volatile  componmits,  giving  rise  to  the  deposition  of 
cassiterite.  As  Professor  Jones  reports :  '  The  form  and  con- 
tinuity of  low-dipping  joint  planes,  and  hence  the  mineraliaed 
veins,  are  related  to  the  type  of  rock  in  which  they  occur  '.  This 
would  have  an  important  bearing  on  mining  operations  if  these 
various  types  could  be  mapped,  but,  as  he  points  out,  the  rock 
types  are  so  irregularly  disposed,  both  laterally  and  verticaUy, 
that,  as  in  parts  of  Cornwall,  the  study  of  rock  types  becomes 
extremely  difficult. 

The  present  paper  is  chiefly  concerned  with  the  production  of 
wolfram,  which  has  been  the  principal  objective  of  the  company 
during  the  last  ten  years.  The  greatest  attention  has,  therefore, 
been  paid  to  the  area  of  maximum  wolfram  mineralization — that 
is,  the  area  where  south-west-dipping  joint  planes  predominate. 
Tho  future,  however,  is  likely  to  demand  an  intensive  study  of 
easpit^rite  possibilities  and,  therefore,  investigation  into  the  theorr 
of  the  causes  of  differential  deposition  of  cassiterite  and  wolfram 
already  outlined. 

The  Panasqueira  area  forms  part  of  an  extensive  tin-tungst^u 
mineralized  zone  which  stretches  from  north  Spain  through  the 
north  of  Portugal.  The  economic  area  for  wolfram,  as  far  as  it 
affects  Panasqueira,  is,  however,  limited  to  a  block  of  ground  some 
150  metres  thick  and  dipping  south-west,  with  a  width  of  600  metres 
on  the  strike  and  800  metres  down  the  dip  from  surface,  as  shown 
in  Figs.  *2  and  3.  These  are  not  necessarily  the  linal  limits,  but 
mineralization  and  vein  continuity  outside  this  block  are  more 
irregular.  It  is  difficult  to  establish  ore  reserves  in  any  accepted 
meaning  of  the  word.  Minerahzation  is,  however,  widespread  and 
individual  veins  have  been  proved  over  such  wide  areas  that 
provided  economic  conditions  permit  the  working  of  this  type  of 
deposit  there  are  large  areas  of  ore  available.  There  is  no  evidence 
to  prove  that  mineralization  does  not  extend  below  the  level  of 
the  present  lowest  workings  :  there  is,  in  fact,  strong  evidence  in 
favour  of  such  a  supposition,  which  has  recently  been  strengthened 
hy  the  cutting  of  payable  lenses  in  a  winze  reaching  70  metres 
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l>6low  the  level  of  the  Main  Adit  (Fig.  8). 

The  block  of  ground  outlined  iB  the  main  wolfram  mineralized 
zone  with  which  this  paper  deals.  It  is  worth  mention,  however, 
that  there  are  five  other,  so  far  smaller,  zones  which  have  been 
intermittently  worked  by  the  company  and  intensively  by  tributers 
during  the  war  period.  These  areas  contain  cassiterite-wolfram 
mineralization  in  varying  proportions.  The  relative  position  of 
these  areas  and  the  respective  wolfram  and  cassiterite  zones  are 
shown  in  Fig.  2  (Plate  I). 

Development 

The  vein  system,  dipping  to  the  south-west  at  an  average  of 
10°,  is  exposed  at  Panasqueira  as  a  series  of  superimposed  out- 
crops across  the  face  of  a  steep  hillside.  In  the  past,  for  the 
purposes  of  stoping,  each  vein  was  taken  separately  and  an  adit, 
usually  numbered  according  to  the  first  vein  cut,  was  driven  a  few 
metres  below  its  outcrop.  This  vein  was  then  stoped  to  surface, 
often  by  the  aid  of  a  series  of  stope  box-holes  whereby  it  could  be 
worked  up  the  dip.  Any  difficulty  encountered  by  the  pinching 
out  of  the  vein  or  by  the  weakening  of  mineral  values  was  over- 
come by  abandoning  the  lens  and  opening  up  a  further  adit  to  cut 
the  same  vein  at  some  point  along  its  strike.  Apparently,  little 
development  was  carried  out  ahead  of  requirements,  although  some 
large-scale  development  had  been  foreseen,  as  indicated  by  the 
work  done  in  starting  an  adit  80  metres  below  No.  5  Adit,  and 
which  later,  when  extended,  became  the  prese^it  Main  Adit  at 
Barroca  Grande. 

The  direct  result  of  this  system  of  abandoning  apparently-poor 
stopes  was  that  selective  mining  could  be  practised  and  a  high- 
grade  ore  sent  to  the  mill.  Stoping  was  limited  to  the  more 
weathered  fock  near  the  surface,  where  breaking  was  simple  and 
hand  drilling  possible.  It  had  the  disadvantage,  however,  of 
widely  dispersing  the  working  places  and  of  running  the  risk  of 
being  without  ore  at  short  notice  should  several  lenses  pinch  out 
at  the  same  time. 

As  the  outcrops  of  the  veins  were  worked  out  the  original  adits 
were  extended  to  cut  the  next  higher  veins  in  the  series,  which 
were  then  stoped,  lens  by  lens,  to  the  adits  immediately  above. 
Raises  were  put  up  at  random  rather  than  complying  with  some 
predetermined  arrangement  and  the  particular  lens  cut  was  stoped 
by  '  mushrooming '  round  the  top  of  each  raise  until  extraction 
difficulties  made  further  stoping  impossible.  The  size  of  these 
stopes  was  limited  down  the  dip  by  flooding,  up  the  dip  by  the 
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This  system  has  proved  itself  to  be  the  most  eeoaomioal  from 
the  point  of  view  of  ease  of  operation  and  sabseqnent  maintenance. 
A  passage  horison  is  available  for  eveocy  l^  metrea  of  stope  faee* 
Furthermore,  as  the  vertic^  distanoe  between  passage  horiaons  is 
reduced  to  about  three  metres,  the  method  is  more  elastic*  enabling 
overlaps  to  be  handled  with  relative  ease.  As  these  rare^  have  a 
vertical  interval  greater  than  two  metres  and  as  a  geological  study 
of  the  vein  occurrence  along  the  whole  of  the  stope  face  exposed 
often  indicates  their  probable  habit,  the  vein  can  be  kept  at -the 
required  horizon  in  the  passage  face  to  ensure  that,  when  overlaps 
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PLAN 
Fio.  7. — ^Development  layout. 


occur,  the  vein  will  still  be  in  the  face.  The  disadvantage  of  a 
longer  dip  interval  between  passages,  and  the  resulting  increase  in 
carrying  distance  for  the  muckers,  is  overcome  by  temporarilj 
branching  the  passages  close  to  the  face  where  necessary. 

In  a  mine  where  mineral  values  and  vein  occurrence  are  so 
irregular,  it  is  essential,  if  production  is  to  be  maintained  at  an 
even  figure,  to  have  available,  by  means  of  adequate  stope  deve- 
lopment, a  large  length  of  reserve  stope  face.    The  total  length  of 


THB   PANASQUEIRA  MDOBS,   POBTUOAI.. 


13 


stope  face  required  depends  not  only  on  irregnlaritiee  in  the  vein 
ooenrrence,  but  also  on  the  rate  of  stope-face  advance.  Efforts 
were  therefore  turned  towards  the  development  of  a  system  of 
mining  that  would  enable  a  rapid  face  advance  to  be  obtained. 
As  is  described  subsequently,  this  has  not  yet  been  achieved  satis- 
factorily, except  in  isolated  cases  and  then  only  by  using  methods 
unsuitable  for  general  application. 

Until  1940,  the  area  broken  per  year  in  Old  Panasqueira  was 
greater  than  that  broken  in  Panasqueira  Deep  and,  as  the  yield  of 
mineral  per  square  metre  of  vein  area  was  lower  in  the  former 
section,  a  long  length  of  stope  face  had  perforce  to  be  kept  in 
operation,  not  only  to  maintain  but  to  increase  production.  A 
large  main  development  programme  was  therefore  put  in  hand 
to  open  up  Panasqueira  Deep  as  rapidly  as  possible  and  from  1940 
onwards  this  area,  with  its  higher  yield  per  square  metre,  began  to 
predominate,  until  in  the  year  1948  to  1944  only  6  per  cent  of  the 
total  area  broken  was  obtained  from  Old  Panasqueira. 
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In  the  financial  years  1941/42  and  1942/48  materials  wwe  soaroe 
and  those  available  required  for  productive  operation  ;  develop- 
ment ncas  therefore  curtailed.  However,  with  the  improvement  in 
this  position  in  1948/44,  maximum  development  to  permit  selective 
mining,  principally  of  Panasqueira  Deep  stopes,  was  put  in  hand, 
with  the  result  that,  as  may  be  seen  from  Table  III,  production  for 
that  year  was  of  the  same  order  as  that  of  1940/41,  although  pro- 
duced from  only  half  the  area.  Although  some  5,000  metres  of 
stope  face  were  available,  it  was  found  necessary  to  stope  only  half 
this  length. 

The  effect  of  this  development  designed  to  maintain  stope  face 
in  the  richer  areas,  was  to  permit  a  high  degree  of  selective  mining, 
and  it  is  felt  that  the  results  would  have  been  even  more  remarkable 
had  not  production  been  forcibly  curtailed  in  September,  1943. 

The  standard  drive  has  a  cross  section  of  2  m.  by  2  m.  Drilling 
is  done  with  55-lb.  jackhammers  mounted  on  jacklegs,  18  to 
20  holes  per  round  being  sufficient  in  most  cases.  A  double  *  V  * 
cut  is  generally  used  and  holes  are  placed  with  the  aid  of  a  hole 
director.  Table  IV  shows  average  efficiencies  for  the  years  1939 
to  1944. 


Table  IV 
Dkvklopment  (Details) 
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1942/43 

1-00 
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13-93 
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1943/44 

1-24 

25-61 
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Mining 
Tin*   vein   system   at   Panasqueira   requires   a    disproportionate 
volume  of  waste  to  be  mined  compared  with  that  of  vein.     Further- 
more, the  n>oi  required  continuous  support.     So  far  no  method  of 
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roof  support  moro  economical  than  that  of  packwalls  bnilt  of 
vrOFte  has  been  evolved.  The  stopinp  method  as  developed  to 
date  is  therefore  costly  in  labour,  as  all  broken  ground  has,  of 
necessity,  to  be  liandled  either  as  waste  for  the  supi)ort  of  back 
areas,  or  as  on*  and  excess  waste  to  surface. 

The  proportion  of  ore  to  waste  broken  and  the  weight  of  valuabh* 
mineral  recovered  per  iniit  of  area  are  small,  as  is  shown  in  Table  V. 
Therefore,  in  order  to  obtain  the  requisite  production  of  wolfram, 
large  areas  nmst  be  opened  up  and  operated  sinniltaneously. 


Tablk  V 
Vein  Width,  8toplno  Width,  xsd  Yikld 
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Slope  face  advaiici'  on  individual  lenses  has  been  as  high  as 
(nght  metn»s  per  month,  but  the  pinching  out  of  lenses  and  the 
subsequent  slope  (levelopnieut  reciuired  to  get  the  next  lens  into 
operation  causes  interruptions  to  the  stoping  se(iuence  of  any 
particular  vein.  The  avera.^e  face  advance  is  thereby  reduced  to 
a  figure  of  some  8*5  metres  p^r  UKUith.  These  factors  necessitate 
a  large  reserve  of  stojie  face  and  it  \m<  l>een  found  that  normal 
<)perati(m  calls  for  a  restrve  of  some  .">0  per  cent  in  order  to  maintain 
the  required  len^tli  of  face  to  meet  production  demands  in  con- 
tinuous operation.  Some  id^-a  of  \\\v  extensive  area  of  workings 
in  operation  ean  be  gauged  by  the  faet  that  in  11*44  there  were 
87,700  m(»tre<  of  tramming  ways  and  87."><K)  metres  of  compressed- 
air  and  water  pip<*s  installed. 

Stopinfj  Sj/stcfn. — Any  stoping  system  employed  nmst  necessarily 
take  into  consideration  the  following  : 

(\)  TIm'  necessity  of  roof  support  owing  to  joint  planes  in  the 
phyllites.     The  ext'-nt  to  which  the  grc^nnd  can  be  left  unsupported 
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varies  considerably,  so  that  in  some  sections  it  is  unsafe  to  leave 
more  than  1-50  metres  between  the  working  face  and  any  support. 

(2)  Owing  to  the  flat  dip  of  the  veins  all  material  broken  at  the 
face  has  to  be  manhandled.  The  restricted  space  between  the 
working  face  and  roof  support,  and  the  changes  in  horizon  from 
lens  to  lens,  miUtate  against  the  use  of  scrapers  or  other  mechanical 
devices,  although  it  is  still  a  matter  of  doubt  whether  these  methods 
cannot  in  fact  be  partly  employed  with  benefit. 

(3)  The  provision  of  a  sufficient  length  of  stope  face  to  permit  of 
an  uninterrupted  cycle  of  operations.  Li  view  of  the  comparatively 
restricted  working  space  it  is  obviously  desirable  for  the  drillman 
to  have  a  clear  run  of  the  face  to  drill  over  ;  similarly,  the  mucking 
crew  can  work  more  efficiently  if  given  a  definite  section  of  face  to 
clear. 

(4)  Any  method  employed  must  provide  the  inaximum  possible 
recovery  of  all  fine  material.  This  is  demanded  by  the  friabiUty 
of  the  wolfram.  There  are,  however,  wide  variations  in  the 
friability  of  the  phyllite  and  no  combination  of  hole  spacing,  powder 
strength  nor  burden  has  yet  been  devised  that  gives  a  high  breaking 
efficiency  per  drill  shift  and,  at  the  same  time,  does  not  result  in 
at  least  40  per  cent  of  the  phyllite  itself  being  broken  smaller  than 
IJ-  ill. 

(5)  The  fixHHloiii  with  wliicb  veins  break  from  the  country  rock. 
This  has  frequenth'  suffered  silicification  and  pyritization — luon* 
particularly  in  the  deeper  areas,  where  veins  are  frozen  to  the  walls. 
Where  veins  are  steady,  with  definite  clean  joint  planes,  and  whern^ 
surface  water  has  penetrated,  the  country  rock  can  often  be  broken 
free  from  the  vein,  which  can  be  removed  with  relative  ease  with 
hammers  and  wedges. 

(6)  Being  close  to  the  surface,  the  workings  are  more  or  less 
damp,  particularly  in  the  rainy  season,  when  many  places  are 
definitely  wet.  The  effect  of  this  is  that  it  has  been  impossible  to 
educate  the  miners  to  drill  from  a  sitting  position,  characteristic  nf 
narrow  stoping  on  the  liaiid,  and  therefore  wider  stopes  have  to 
be  carried. 

(7)  The  mine  is  remoyed  from  any  important  centre  of  population, 
so  that  the  bulk  of  the  employees  has  to  be  housed  on  the  property. 
Housing  accommodation  was  strictly  limited  and  the  projected 
expansion  programme  was  to  increase  the  concentrate  production 
ten  times  to  200  tons  per  month.  Any  stoping  system,  therefore, 
must  have  as  its  object  the  increase  of  labour  productivity,  particu- 
larly as  the  company  had  undertaken  a  construction  and  develop- 
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ment  programme  that,  in  itself,  necessitated  a  considerable  labour 
force. 

(8)  In  view  of  the  low  standard  of  education  among  the  miners 
and  shift  bosses  it  would  be  advantageous  if  a  single  stoping  system 
could  be  generalized,  although  the  system  chosen  might  not  be  the 
optimum  economic  method  for  a  particular  set  of  circumstances 
encountered  in  a  specific  stope  or  section  of  stope. 

During  the  past  10  years  efforts  have  been  made  to  discover  a 
method  of  stoping  which  would  give  optimum  economy  under  all 
conditions,  and  a  measure  of  the  progress  achieved  can  be  seen 
from  the  maintenance  of  approximately  static  stoping  costs  in 
spite  of  steady  increases  in  the  cost  of  labour  and  stores.     Table  VI 

Table  VI 
Mining  Costs  (Ratios) 


Fitiancial 
Year 

CoatjSquare  Metre, 
Index 

Cast  of  Concentrates, 
Index 

1936/37 

1000 

100-0 

1937/38 

113-0 

1051 

1938/39 

112-6 

108-5 

1939/40 

120-5 

106-8 

1940/41 

126-1 

106-8 

shows  mining  costs  from  1936/37  until  1940/41 — that  is,  up  to  the 
time  when  costs  were  affected  by  war  conditions.  The  fact  that 
the  cost  per  ton  of  final  concentrates  has  not  accompanied  the 
rising  cost  per  square  metre  results  from  the  mining  of  richer 
ground,  from  the  improvement  in  milling  technique,  and  from  the 
reduction  of  mineral  losses  underground  by  the  introduction  of 
improved  methods  of  stoping. 

Before  1936  mining  costs  were  based  on  the  tonnage  of  ore  milled 
and  were  therefore  dependent  on  the  amount  of  waste  included  in 
the  ore  sent  to  the  mill.  In  order  to  obtain  an  apparent  improve- 
ment all  the  mining  department  had  to  do  was  to  take  men  from 
hand-picking  in  the  stopes  and  put  them  on  breaking  more  ground. 
The  increase  in  dilution  would  thus  be  reported  as  feed  to  the  mill. 
This  led  to  an  increase  in  the  tonnage  milled  and  a  reduction  in 
grade  until  the  figure  of  0-65  per  cent  for  recovered  grade  was 
reached.  Table  VII,  giving  figures  for  the  four  months  December, 
1986,  to  March,  1936,  shows  this  effect. 
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Table  VII 
Drop  ik  Rbcovkrbd  Grabs  followino  Ovrbbreak 


M<mih 

TofmaifB 
MOUd 

C7oW/9Vm, 
Index 

PtrtM 

December,   1985. 

4,741 

109 

1146 

Janiuury,      19S0  • 

4,658 

108 

MW 

February,    1936 

.  1                           *    . 

5,721 

94 

0-981 

MMoh,         1986 

6^748 

78 

• 

0-870  . 

It  was  accordingly  decided  to  reduce  dilution  to  a  minimum  by 
resuing  with  the  utmost  care  wherevCT  possible,  and  bj^  making 
underground  hand-sorting  of  waste  a  maximum  wherever  conditions 
did  not  permit  resuing.  Although  this  resulted  in  an  increase  in 
recovered  grade  which,  by  December,  1986,  had  risen  to  1-34  per 
cent,  this  incre^tse  was  largely  counteracted  by  a  fall  in  tonnage 
milled  and  by  increased  mineral  losses  in  the  siopes  'owing  to 
excessive  hand-sorting,  with  the  net  result  that  no  appreciable 
gain  was  obtained  in  the  tonnage  of  concentrates  recovered. 

The  urge  for  increased  production  and  the  limitation  imposed  by 
the  shortage  of  available  labour  were  clearly  irreconcilable  if  such  a 
policy  of  strict  hand-sorting  was  to  be  followed,  and  the  struggle 
between  the  two  was  continued  until  it  became  clear  that  a  high 
recovery  of  mineral  per  square  metre  of  veinstuff  broken  was 
incompatible  with  a  high  grade  of  mill  feed. 

I'nder  the  conditions  obtaining  at  Panasqueira  the  conventional 
unit  of  tons  milled  ceases  to  he  suthcieutly  allied  to  production  to 
be  of  an}'  value.  Were  it  possible  to  determine  with  reasonable 
accuracy  the  tonnage  of  actual  veinstulY  mined.,  it  might  1k»  argued 
that  there  was  no  need  to  depart  from  this  conventional  unit.  On 
the  other  hand  at  Panascjueira,  while  a  record  i>  kept  of  average 
vein  widths  in  order  to  obtain  a  rough  gui(h'  as  to  dihition,  the 
variation  hi  thickness  of  veins  makes  the  accuracy  of  the  liguri' 
obtained  doubtful.  It  was  considered  necessarv,  therefore,  to 
adopt  a  unit  that  could  be  determined  with  reasonable  accuracy; 
one  which,  at  the  same  time,  left  undisturbed  the  full  mineral 
content  of  the  veins  themselves.  The  unit  rinally  ailopted  was 
that  of  square  metres  of  vein  mined.  Considehng  the  matter  from 
this  angle  a  better  perspective  is  gained  (»i  the  compan^\  's  operations 
as  a  whole.     It  thus  became  cleiU'  that  grade  of  nail  heudH  could  bt» 
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purchased  onl}'  at  the  expense  of  removing  waste  by  methods  far 
lesB  efficient  than  the  mill  itself. 

The  other  element  affected  by  the  increase  in  dilution  is  transport. 
This  was  overcome  by  increasing  the  capacity  of  the  ropeway  from 
mine  to  mill.  From  a  cost  point  of  view  this  was  relatively  unim- 
portant, as  the  cost  of  ore  transport  over  the  ropeway  represented 
only  2  per  cent  of  the  total  operating  cost. 

It  is  clear  from  the  described  nature  of  the  mineralization  that 
the  sampling  of  any  vein  in  situ  would  require  a  prohibitive  number 
of  samples  and,  in  view  of  the  *  bonanza  '  values  encountered,  such 
sampling  could  not  be  taken  as  a  real  indication  of  average  values. 
The  conventional  alternative  to  sampling  in  sihi  would  presumably 
be  bulk  sampling,  bj'  segregating  the  ore  from  one  vein  and  sampling 
it  separately,  either  by  means  of  a  special  sampling  plant,  or  by 
running  the  mill  for  a  specified  time  on  the  ore  to  be  tested.  To  do 
this  without  dislocating  the  whole  of  the  company's  operations' 
presents  a  number  of  practical  difficulties  which  it  has  not  been 
found  possible  to  overcome. 

It  became  necessarv,  however,  to  devise  a  method  that  would 
provide  some  gauge  of  'payability'.  Since  the  introduction  of' 
the  square  metre  of  vein  mined  as  the  unit  for  cost  calculations,  the 
value  of  the  on*  mined  has  been  gauged  by  the  recovery  in  kg.  of 
final  concentrates  for  each  such  unit.  The  width  of  individual 
veins  and  their  visually-observed  mineral  content  govern  thig 
value,  and  veins  of  an  unsatisfactory  history  over  a  prolonged 
period  in  these  two  respects  are  aband(med.  This  visual  method 
of  gauging  mineralization  has  been  perfected  to  such  a  degree  that 
it  seldom  ditTers  from  results  obtained  in  practice  by  more  than 
5  per  cent,  when  applied  to  the  mine  as  a  whole. 

Before  1984  resuing  was  the  method  used  throughout  the 
mine.  Openitions  were  restricted  mainly  to  th(»  veins  in  Old 
Panasqueira,  where  conditions  obtaining  at  that  time  lent  them-' 
selves  in  particular  to  that  system  of  stoping.  In  this  sector  the 
veins  tend  to  break  free  from  the  wall  rock.  Being  near  the 
surface,  there  is  a  certain  amount  of  incipient  weathering  and  the 
phyllites  are  on  the  whole  softer  and  more  friable. 

Drilling  was  done  drv  with  35-lb.  jackhammers  of  English  numu- 
factiire  and  with  chisel-pointed  steel.  Spiral-ribbed  steel  was 
provid(*d  in  the  softer  stopes  for  the  removal  of  *  cuttings  '.  Holes 
were  placed  at  the  discretion  of  the  drill  runner  and  were  directed 
to  '  knocking  off  the  bumps  '.  Mucking  and  drilling  took  place  on 
the  same  shift  and  the  stope  face  Nvas  blasted  as  many  as  four 
times  durinj^  the  two  shifts  worked  per  day      As  far  as  possible 
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the  hangiiig-wall  was  removed  from  the  vein,  the  laiger  pieeei  of 
waste  being  used  to  build  a  packwall  and  such  material  aa  oonld 
not  be  stowed  behind  the  wall  was  trammed  separately  to  surfaoe. 
The  vein-stuff  was  then  broken  separately  with  hammers  and 
wedges. 

Too  many  elements  are  lacking  for  it  to  be  possible  to  make  a 
direct  comparison  between  this  method  and  current  practice.  It 
can  be  said,  however,  that  the  normal  recovery  of  concentrates  per 
ton  of  mill  feed  was  1*29  per  cent  and  the  average  monthly  recovery 
represented  about  80  kg.  per  man  employed,  80  per  cent  of  the 
labour  force  being  employed  in  the  mine.  The  fact  that  many  of 
the  old  pack- walls  have  been  reworked  for  the  recovery  of  '  fines ' 
and  that  minus  2-in.  material  from  the  old  waste  dumps,  when 
treated  in  Panasqueira  mill,  yielded  as  much  as  0*8  per  cent 
wolfram,  indicates  the  unsuitability  of  the  system  and  points  to 
the  danger  of  excessive  sorting  underground.  It  would  seem  that 
more  attention  was  paid  to  maintaining  a  high  grade  of  mill  feed 
than  to  maximum  recovery  of  mineral  from  the  mine. 

By  the  1940/41  period,  although  the  recovered  grade  had  fallen 
to  0*68  per  cent,  the  average  monthfy  recovery  had  risen  to  75  kg. 
per  man,  67-2  per  cent  of  the  labour  force  working  in  the  mine. 

The  war-time  call  for  increased  production  and  the  opening  of 
Panasqueira  Deep,  where  the  veins,  in  general,  are  frozen  to  the 
surrounding  country  and  where  the  rock  is  harder,  led  to  the 
improvements  in  breaking  technique  subsequently  described  under 
*  Drilling  and  Blasting  \  The  necessity  of  increasing  labour  pro- 
ductivity and  reducing  mineral  losses  led  to  an  alteration  in  the 
stoping  system. 

Particular  care  was  exercised  in  removing  all  possible  high-grade 
ore  from  the  veins,  before  blasting,  by  the  aid  of  chisels  and  hammers 
for  bagging  and  direct  transport  to  the  magnetic  separator  at  the 
mill.  In  this  way  the  bad  effect  of  blasting  high-grade  patches  of 
mineral  was  reduced  and  gravity  plant  losses  in  respect  of  the 
treatment  of  this  mineral  were  eliminated.  Table  VIII  shows  the 
amount  of  selected  ore  recovered  since  the  financial  year  1988/89, 
figures  for  previous  years  not  being  available. 

The  stoping  system  then  tried  was  substantially  that  of  semi- 
shrinkage,  where  only  sufficient  material  was  sorted  and  removed 
to  give  working  room  at  the  face,  the  remainder,  whether  ore  or 
waste,  being  thrown  back  to  form  a  scatterpile.  Under  this  system 
no  effort  was,made  to  break  the  wall  rock  separately  from  the  vein, 
which,  for  ease  of  breaking,  was  usually  carried  in  the  centre  of 
the  face  and  broken  with  a  hole  above  and  one  below. 
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Table  VIII 

Selected  Ore 

Financial 
Year 

Selected 
Ore 

{Tons) 

Production  of  Final 
Concentrates 

(xrade  of 
SelerUd 

Ore 

{Percent 

WO^) 

Percent 

of  Total 

Production 

From 

Selected  Ore 

{Tons) 

Total  from 
Mine  Ore 

{Tons) 

1938/30 

123 

83 

1.585 

45-7 

5-2 

1939/40 

408 

218 

1,821 

36-2 

120 

1940/41 

778 

349 

2.331 

30-5 

150 

1941/42 

642 

230 

1.918 

24*4 

120 

1942/43 

1.757 

564 

2,044 

21-8 

27-6 

943/44 

2,284 

713 

2,105 

21-2 

33*9 

Be-mining  of  the  scatterpile  followed  some  five  metres  behind 
the  face,  with  careful  hand-picking  of  waste  to  form  permanent 
pack-walls.  A  special  effort  was  made  to  collect  all  fines  for 
transport  to  the  mill.  The  following  disadvantages  of  this  system 
were  found  :  As  recovery  of  ore  from  the  *  shrink  *  took  longer  to 
perform  than  stope  face  advance,  the  two  operations  fell  out  of 
step,  with  the  consequence  that,  as  the  capacity  of  the  mill  was 
increasing  more  rapidly  than  that  of  the  mine,  there  was  a  tendency 
to  remove  a  successively  greater  proportion  of  ore  direct  from  the 
face.  The  increasing  time  lag  between  breaking  and  building 
permanent  pack-walls  gave  the  roof  time  to  settle  down  on  the 
*  shrink ',  the  mining  of  which  became  an  operation  requiring 
expert  miners  and  more  timber.  Falls  of  ground  with  resulting 
loss  of  ore  became  frequent.  Waste  to  make  up  for  ore  removed 
from  the  *  shrink  '  was  supplied  from  the  face,  causing  interference 
with  stoping  operations  and  traffic  difficulties  in  the  stope  passages. 
Excessive  supervision  was  required. 

This  method  was  therefore  considered  unsuitable.  There  was, 
•however,  every  advantage  in  maintaining  the  improved  breaking 
that  resulted  from  a  more  liberal  use  of  powder,  a  heavier  burden, 
and  the  carrying  of  the  vein  in  the  centre  of  the  face,  made  possible 
by  the  fact  that  the  permanent  pack- walls  were  not  subjected  to 
the  blast. 

With  this  advantage  in  mind  tests  were  run  to  see  whether  a 
protection  to  the  permanent  pack-walls  could  be  provided  without 
the  use  of  a  shrinkage  pile.    Several  materials — such  as  heather 
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mats,  planking,  and  props — ^were  tried  and,  finally,  the  building 
of  a  teinparary  acatier-wall  At.the.Iace  in  front  of  the  pmnanent 
pack-wall  was  attempted  and  gave  rise  to  the  stoping  system  in 
general  use  in  the  niine  to*day.  This  scatter-wall  is  made  of 
selected  stones  of  large  size  and  the  shape  to  which  the  phylHte 
breaks  lends  itself  well  to  its  ose  for  this  purpose.  The  scatter- 
wall  is  built  to  a  thickness  of  about  80  cm.  and  is  broken  down 
during  mucking  operations  before  advancing  the  permanent  pack- 
walls.  It  receives  the  force  of  the  blast,  and  '  fines '  are  rarely 
found  to  have  penetrated  into  the  permanent  walk  more  (Jban  a 
few  centimetres.  These  are  recovered  by  cleaning  the  face  of  the 
pack-wall  with  brushes  made  of  heath. 

Although  it  is  found  that  this  system  of  stoping  is  suited  to 
most  of  the  stoping  conditions  obtaining  in  the  mine,  it  has  certain 
disadvantages  which  tests  have  been  made  to  overcome.  At  the 
same  time  as  this  scatter-wall  system  was  being  tested,  the  Study 
department  war  organized  and  it  became  possible  ^-eondnet  %> 
series  of  time  studies  of  the  work  involved  in  the  various  methods, 
the  Associi^ted  Industrial  Consultant's  system  of  observed  work 
units  being  used  throughout  as  a  basis  for  comparison  in  each' 
case,  the  results  beiiig, valuable  for  future  guidanc^e  in  the  woricing 
of  this  particular  mineral  occurrence. 

The  distribution  of  labour  efficiency  per  square  metre  and  of' 
mining  costs  for  thr  y«»nr  1940/41  are  shcnvn  in  Table  IX. 

Table  IX 
Mixing  Costs  (DistribCtion) 


DriUing  and  BliiHtiiig 

Stope  Labour  : 

Stope  Traininers  an<l  Muckoi>i  

Ooneral  Stope  labour    

Stope  Devolopinoiit  and  Maintenance... 

Supen'ision  

Main  Road  Tramming    

Mine     General     (including     timber     nml 
support,  ahopn  and  surveying) 


Labour  Shifts 

per 
Square  Metre. 

0r)2 


Per  cent 
Di-atribuHcn 

oo-l 


0-83 
0*28 
0-26 


1-87 

oo:{ 

0-20 

0-28 
2-49 


2-9 
5-5 

1000 
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Drilling  and  Blasting 

In  1984,  except  for  a  few  instances  of  hand  drilling  in  the  out- 
lying districts  of  the  mine,  all  driUing  was  heing  performed  by 
d5-lb.  dry-drilling  jackhammers.  These  machines  were  well  suited 
to  the  physique  of  the  labour  available,  an  important  feature  in 
hand-held  jackhammer  work  in  flat  stopes.  Prom  the  point  of 
view  of  mobility  they  are  ideal  and  in  soft  rock  stopes  their 
performance  is  good,  drilling  80  metres  of  hole  per  shift  as  a 
maximum. 

When  harder  rock  was  found  in  the  lower  levels  considerable 
test  work  was  made  with  the  object  of  finding  a  suitable  jack- 
hammer  to  drill  wet  and  to  give  better  performance  in.  the  harder 
ground.  Prejudices,  however,  as  a  result  of  the  added  weight  of 
the  water  equipment,  were  difficult  to  overcome  and  no  hand-held 
jackhammer  was  found  that  gave  improved  drilling  performance* 

Drill  Tests. — The  decision  was  therefore  taken  to  employ  112-lb* 
reverse-feed  stopers  with  l|-in.  pneumatic  columns.  These  provide 
reasonable  mobility  together  with  a  high  drilling  speed  and  have  the 
advantage  of  being  a  heavy  drill,  the  weight  of  which  is  not  carried 
by  the  drillman.  The  maximum  duty  obtained  per  shift  from 
these  drills  was  of  the  order  of  75  metres.  The  principal  dis- 
advantage of  these  machines  for  drilling  at  the  stope  face  is  the 
length  between  the  point  at  which  the  drill  is  supported  and  the 
hole,  which  causes  heavy  wear  in  chuck  bushings. 

Further  tests  were  run  with  other  types  of  machine  drill  until, 
in  1948,  drills  for  stoping  purposes  were  standardized.  A  55-Ib. 
jackhammer  mounted  on  a  jack-leg  was  chosen  as  being  the  best 
for  conditions  obtaining  in  the  stopes.  This  drill  has  a  high 
drilling  speed,  a  low  maintenance  cost,  together  with  a  high  degree 
of  mobility.  The  jack-leg  overcomes  the  difficulty  of  weight  and 
the  drills  soon  became  popular,  with  the  men,  as  high  bonus  rates 
could  be  earned.  The  maxinmm  dut}'  obtained  with  one  of  these 
drills  was  127  metres  in  a  shift. 

During  the  year  ended  March  81st,  1941,  40,489  drill  shifts  were 
worked,  of  which  55-1  per  cent,  or  22,269-5  drill  shifts,  were  on 
production,  breaking  182,421  square  metres  of  vein  ;  66  drills  were 
normally  in  service  at  this  time.  Drilling  and  blasting  costs 
constituted  55-1  per  cent  of  the  total  mining  costs,  as  is  shown  in 
Table  X.  In  view  of  the  preponderance  of  this  item  in  total  mining 
costs,  special  efforts  were  directed  towards  improving  breaking 
efficiency. 
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Tablb  X 
Dsnxjvo  AMD  Buumxa  Co&n  (DmrniBunmi) 

Drillhig  and  Hbutiiig  Labour  9*4 

Goat  of  DriU  MamtenaDoe,  Steel  Shaipenmg,  and  Steel  Diatriboikm  IM 

Coat  of  OooqinMaed  Air 0-4 

Ezploaivea J5.I 

Drill-Water  Supply !..].....!.  0-1 

M-1 

In  addition  to  the  use  of  a  faster  machine,  the  increase  in  the 
metreage  drilled  per  machine  shift,  as  shown  in  Table  XI,  was 
achieved  by  improving  air  and  water  service,  reducing  lost  time, 
by  the  introduction  of  an  incentive  to  increase  diillage,  by  the 
supply  of  Ipnger  stope  faces  for  each  drill,  by  improving  steel 
sharpening,  tempering  and  supply,  and  the  maintenance  of  drilb. 
This  last  was  achieved  by  withdrawing  every  drill  from  the  mine 
at  weekly  periods,  whatever  its  condition,  for  cleaning  and  oveiiiaul. 
A  mechanical  history  card  is  kept  for  each  machine  for  recording 
the  metres  drilled,  the  date  of  entry  and  despatch  from  the  drill 
shop,  and  spare  parts  used.  Lost  time  was  reduced  to  an  average 
of  40  minutes  per  shift  after  time  studies  had  been  made  to 
ascertain  the  reasons  for  same. 

One  man  is  employed  in  the  case  of  the  85-lb.  jackhammer  and 
two  men  iu  the  case  of  the  other  drills. 

At  the  same  time  tests  were  run  to  obtain  an  improvement  in 
breaking  efficiency.  The  original  method  of  stoping  in  Old 
Panasqueira,  where  drilling  and  mucking  took  place  on  the  same 
shift,  did  not  allow  of  the  placing  of  holes  with  any  degree  of 
precision.  Short  holes  were  drilled  in  a  more  or  less  haphazard 
manner  as  the  face  became  clear  of  muck  and  the  main  pre- 
occupation was  to  blast  the  rock  without  disturbing  the  vein.  By 
separating  the  drilling  shift  from  the  mucking  shift  lost  time  was 
very  considerably  reduced  and  tlxe  drillmen  were  presented  with 
a  clear  face  at  which  they  could  work  to  the  best  advantage. 

Hole  Directors, — The  use  of  the  hole  director,  as  developed  on 
the  Rand,  was  introduced  after  extensive  tests  and  by  *  benching ' 
the  stope  face  improved  breaking  efficienc}'  resulted  after  a  short 
period  of  time,  although  there  was  a  tendency  for  the  consumption 
of  explosives  to  increase.     The  results  are  shown  in  Table  XL 

The  length  of  stope  face  available  for  each  drill  was  increased 
so  that  the  best  advantage  could  be  taken  of  the  *  benches  *  exposed 
by  the  previous  blast.  Latterly,  each  drill  was  given  100  metres 
of  face  over  which  to  drill.  The  average  distance  between  pairs  of 
holes  as  measured  from  collar  to  collar  is  about  four  metres. 
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Table  XI 

BrbAJUSTG  ElFnCIBKCIES 


Period 

Metres 

DriUed 

per  Machine 

Shift 

Square 

Metres 

Broken  per 

Machine 

Shift 

Metres 

DriUed  per 

Square  Metre 

Broken 

Kg.  of 

Exj^osives 

per 

Square  Metre 

Metres  of 

Stops  Face 

per  Machime 

DriU 

1935/36/37 

17-2 

205 

8-37 

1-21 

1938/39 

22-3 

319 

6-99 

1-31 

1939/40 

26-6 

516 

514 

1-39 

40 

1940/41 

37-4 

819 

4-57 

1-43 

58 

1941/42 

52-3 

1319 

3*96 

1-67 

110 

1942/43 

47-8 

9-76 

4-90 

1-88 

70 

1943/44 

58-9 

12-56 

4-69 

1-78 

98 

N.B. — The  poorer  results  in  1942  and  1943  were  caused  not  only  by  the 
employment  of  untrained  labour  but  also  by  the  poor  quality  of 
explosives  available. 

Owing  to  the  great  variations  in  rock  no  standard  size  of  hole 
director  can  be  employed  throughout  the  mine.  The  burden  of 
the  hole  directors  used  varies  between  45  and  70  cm.,  the  average 
length  of  hole  drilled  being  about  1-50  metres.  Only  by  constant 
insistence  can  the  permanent  use  of  the  hole  director  be  effected 
as  it  is  unpopular  among  the  men. 

Tests  run  with  a  view  to  reducing  the  consumption  of  explosives 
had  to  be  discontinued  when  the  manufacturers  were  unable  to 
^arantee  the  supply  of  explosives  of  the  same  composition  for  any 
period.  Improved  results  were  obtained  under  test  by  the  use  of 
sand-filled  tamping  cartridges  and  by  the  spacing  of  explosive 
cartridges  with  wooden  plugs.  The  latter  test  had  to  be  dis- 
continued as  the  length  of  the  plug  depends  on  the  qnaUty  of 
explosive  used,  which,  as  stated  above,  could  not  be  depended 

upon. 

Drill  Sharpening 

The  drill-sharpening  shop  is  equipped  with  three  I.R.  84  and  one 

Sullivan    Class    *  C '    sharpeners,    the    latter    being   used    almost 

exclusively  for  shanking  and  the  former  three  for  sharpening  J-in. 

hexagonal  hollow  steel  with  six  pointed  bits.     An  average  of  862 

steels,  of  which  some  40  are  hand-sharpened  chisel-pointed  bits 

for  the  hght  jackhammers,  were  sharpened  per  day  during  the 

financial  year  1943/44,  each  machine  being  operated  by  a  single 
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operator.  Prior  to  the  men  being  pat  on  incentive  pay  an  average 
^  of  164  steels  were  sharpened  per  wiaohine  shift.  Once  on  incentive 
pay  this  figure  was  increased  to  404/ 

Heating  is  done  in  two  rock-drill  fomaces,  each  of  which  con- 
sumes about  140  kg.  of  charcoal  per  eight>hour  shift.  Two 
Ingersoll-Band  oil-fired  furnaces  are  also  available  and  these  were 
being  used  for  heating  all  the  steel,  both  for  sharpening  and 
tempering,  before  the  charcoal  furnaces  mentioned  were  erected 
as  a  result  of  a  shortage  of  gas  oil.  They  are  now  used  solely  for 
tempering  and  consume  about  66  kg.  of  gas  oil  per  1,000  ste^ 
tempered. 

Table  XII  shows  figures  obtained  for  steel  consumption  and 
metreage  drilled  per  sharp  steel  over  the  three  years  1941  to  1944. 
Improved  results  were  obtained  after  structural  alterations  had 
been  made  to  the  shop  with  improved  lighting  and  general  working 
conditions. 

tablb  xn 


Year 

M§ir99DnlUd 
per  Shatp  Steel 

Kg.ofDriaSieel 
per  Metre  DnOed 

1941/49 
1942/43 

1943/44 

0-92 
1-02 

1-43 

0-14 
0-16 

015 

The  shop  is  also  fitted  with  two  emery  grinders,  a  steel  cutter, 
and  forges.  The  wagon  repair  shop,  drill  repair  shop,  and  the 
welder's  shop  are  all  housed  in  the  same  building. 

Compressed  Air 
The  compressed-air  plant  is  the  biggest  individual  consumer  of 
power  on  the  property.  Reference  to  the  general  plan  shows  the 
dispersion  of  the  working  places.  Compressed  air  was  originally 
supplied  to  the  various  centres  of  mining  activity  by  a  number  of 
small  compressors  of  varying  size  actuated  by  prime  movers  of 
equally  varied  type.  As  the  programme  of  expansion  demanded  a 
considerable  increase  in  available  compressed  air,  and  as  the  bulk 
of  the  existing  equipment  had  passed  its  useful  life,  it  became 
necessary  to  study  the  whole  question  of  power.  To  obtain 
energy  from  the  nearest  public  supply  company  would,  at  that 
time,  have  meant  the  finance  and  maintenance  of  a  power  line  of 
considerable  length,  added  to  which  the  companies  concerned  had 
limited  water-storage  facilities  and  were  therefore  liable  to  seasonal 
shortages. 
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The  question  of  a  central  generating  station  was  also  considered 
both  at  the  mine  and,  to  save  transport,  at  rail  head.  The  final 
decision  was  to  equip  the  Biver  Mill  with  the  power  plant,  described 
later,  the  gas  engines  for  which  were  already  on  the  property, 
although  not  erected,  and  to  instal  two  diesel-engine  driven  com- 
pressors at  Barroca  Grande.  The  decision  to  do  this  rested  largely 
on  the  fact  that,  given  pipe  of  adequate  diameter,  the  pressure  loss 
over  long  distances  is  negUgible.  Further,  direct  conversion  from 
oil  fuel  to  compressed  air  cuts  out  electrical  losses  in  transmission 
lines,  transformers,  and  motors. 

The  units  finally  installed  consisted  of  two  sets  by  Belliss  and 
Morcom,  as  follows  : 

A  five-cylinder  heavy  oil  engine,  developing  482  b.h.p.  at  site,  running  at 
375  r.p.m.,  connected  by  means  of  a  Tex-rope  drive  to  a  two -stage  air 
compressor  running  at  250  r.p.m.  and  rated  at  2,400  cu.  ft.  of  free  air  per 
minute  to  100-lb.  pressure. 

A  52  h.p.,  two-cylinder  heavy-oil  engine,  by  Crossley,  drives  a  20*5  kW, 
220  V  generating  set  which  provides  power  for  operating  cooling  water 
pumps  and  the  engine  starting  compressor. 

The  following  are  the  principal  operating  statistics  and  refer  to 

the  financial  year  1940/41/ 

Average  hours  operated  per  month 452 

Lb.  of  fuel  oil  per  1,000  cu.  ft.  of  air 1*44 

Lb.  lubricating  oil  per  hour 1*81 

Gallons  cooling  water  perminute 40  per  engine 

(130  for  whole  plant) 

Time  to  raise  pressure  in  system  from  zero  to  100  lb.  8  minutes 

Time  for  pressure  to  fall  to  zero  after  shutting  off 

engines 2  hours  15  minutes 

By  June,  1942,  a  new  power  supply  company  had  built  a  dam 
.15  km.  from  Panasqueira  for  the  generation  of  hydro-electric  power 
and  a  40,000-volt  power  line  had  been  run  through  the  concessions 
to  join  with  a  second  power  station  some  25  km.  distant.  At  the 
same  time,  gas  oil  was  in  short  supply  and  the  diesel  engines 
required  a  very  thorough  overhaul,  calling  for  the  renewal  of  parts 
.unobtainable  in  the  local  market.  It  was  therefore  decided  to 
electrify  both  Panasqueira  and  Barroca  Grande  sections. 

The  Belliss  compressors  can  be  driven  either  by  their  respective 
diesel  units  or  by  electric  power.  Diesel  power  was  used  as  it 
was  doubtful  whether  electric  power  could  be  supplied  after  the  war 
at  a  sufficiently  cheap  rate  to  compete  with  the  diesel  engines,  or, 
if  it  could,  to  cover  seasonal  shortages  of  water. 

The  cost  of  compressed  air  represented  17  per  cent  of  the  total 
drilling  and  blasting  cost  in  1940/41,  distributed  as  shown  in 
Table  XIH. 
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Tablb  xin 

DiwmiHUTioji  OF  OoMnoHNnD  Am  Coai* 


WmgdB  and  guperviaion 4*2 

Fuel V 8S-1 

LabnoAting  oil    7*6 

Storai 1-6 

SShops    1-4 

Sundries  2*1 


10(H> 


Mule  Trakspobt 
Afoin  Road  Tramming, — The  Main  Adit — 8  m.  by  2J  m.  in  crow 
section — cuts  the  Panasqueira  series  of  veins  1,275  metres  from 
tbe  portal,  and,  therefore,  beyond  the  economic  limit  of  hand 
tramming.  The  total  length  of  the  adit  is  1,680  metres  and  the 
average  gradient  0-62  per  cent  in  favour  of  the  load.  The  meritB 
of  medianical  haulage  by  diesel  or  battery  loco,  were  investigated, 
but  it  was  decided  to  employ  mules,  with  the  following  results : 

Average  number  of  tnuns  per  mule  shift   ». 8 

Average  number  of  oars  per  train    ,, 8 

Average  distance  travelled  per  mule  shift 23  km. 

Average  tons/km.  useful  load  per  mule  shift     75 

Tons  handled,  ore  and  waste  for  the  year  1940/41    800,  200 

Number  of  mules  in  Main  Adit  services 32 

The  stable  crew  consists  of  one  foreman  and  five  stable  hands  ; 
the  mule  ration  consists  of  seven  kg.  of  feed  per  day,  comprised  of 
beans,  maize,  etc.,  and  10  kg.  of  hay  or  straw. 

The  figures  given  refer  to  the  financial  year  1940/41 — i.e.,  under 
normal  working  conditions.  Latterly,  increased  activity  under- 
ground required  more  mules  and  in  1948/44  some  40  were  employed 
in  the  Main  Adit  alone. 

The  track  is  double  and  of  45-cm.  gauge,  laid  with  1^-kg.  rails. 
Cars  used  are  20-cu.  ft.  side-dump  Hudson  cars  fitted  with  roller 
bearings.  These  are  filled  at  the  raise  chutes  and  run  to  assembly 
points,  where  they  are  coupled  up  in  trains  of  eight  or  nine  cars. 
Each  train  is  coupled  to  a  brake  bogey  consisting  of  a  wagon 
chassis,  weighted  with  old  rock-breaker  jaw  plates,  on  which  the 
driver  is  seated.  Assembly  points  are  so  arranged  that  the  driver 
and  mule,  on  bringing  in  a  train  of  empties,  can  turn  over  to  a  full 
train  with  a  minimum  of  delay.  On  reaching  the  portal  the  same 
situation  obtains ;  the  dumping  of  cars  being  the  duty  of  the 
surface  crew,  which  also  makes  up  the  train  of  empties. 
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Mules  are  specially  selected  for  weight  and  docility  and  a  good 
mule  weighs  350  kg.  No  difficulty  has  been  experienced  in 
getting  iLe  mules  to  go  underground,  although  many  have  to  be 
replaced  after  some  two  years'  service,  as  they  are  liable  to  become 
unmanageable.  Accident  rates  are  high  and  are  mostly  caused  by 
the  brake  bogey  running  into  the  back  legs  of  the  mules. 

The  maximum  tonnage  transported  per  shift  under  test  was 
1,200  tons,  with  18  mules  underground  and  a  further  two  on 
siu'face  for  dumping  waste. 

Internal  Transport. — In  1942  transport  difficulties  resulting  from 
a  shortage  of  petrol  and  tyres  led  to  the  more  extensive  use  of 
mules  as  an  alternative  to  lorries  and  motor  cars  for  internal 
transport  and  by  September,  1942,  a  total  of  106  mules  were  in 
service  in  the  three  sections.  A  history  card  is  kept  for  each 
mule,  stating  the  work  done  each  month,  days  lost  due  to  sickness 
or  accidents,  transfers,  sales,  and  any  other  data  of  interest.  The 
following  data  refers  to  the  22  months  from  September,  1942,  to 
June,  1944. 

Total  number  of  mulee  in  service 106 

Total  mule  shifts  worked  46,417 

Mule  shifts  lost  as  a  result  of  sickness  or  accidents 3,004 

Per  cent  lost  time  6-5 

Deaths : 

Accidents 14 

Other  causes    ft 

20 
Cost  distribution  of  mule  maintenance  was  as  follows  (1940/41)  : 

Per  cent 

Labour 14*9 

Stores  : 

Feed 76-5 

Various 8-5 

1000 


Surveying 

The  survey  department  is  responsible  for  the  measurement  of 
all  stope  and  development  advances,  control  of  tramming  grades, 
surface  surveys  and  the  plotting  of  tribute  workings.  Develop- 
ment headings  are  measured  weekly  and  surveyed  every  month, 
while  surveys  of  all  stopes  are  made  at  monthly  intervals  for  the 
purpose  of  preparing  working  plans  and  for  the  calculation  of 
efficiency  statistics.     All  working  plans  are  drawn  t-o  a  scale  of 
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^/5D0;  which  is  the  smaUest  to  give  reuonaUe  aooimcy  Hor  the 
compatatioh  of  areas,  the  unit  value  for  all  costs  and^ttatistieSy 
and  to  show  vein  movements  and  overlaps  in  sdRdent  detafl. 
This  scale  is  not,  however,  sufficiently  accurate  for  the  eompatathm 
iji  labour  incentive  IxHrnses  based  on  stope  advance -and,  when  this 
system  was' in  force,  surveys  were  made  at  fortnightly  inlervab 
and  drawn  to  a  scale  of  1/250.  This  was  reduced  to  the  normal 
scale  of  1/600  for  working  plans. 

The  survey  of  some  5,000  metres  of  stope  face,  involving  areas 
tip  to  20,000  square  metres,  takes  a  week  to  complete  and  areas 
are  compensated  by  a  correction  factor  according  to  the  metreage 
^drilled  between  the  survey  date  and  the  end  of  the  month.  No 
correction  is  made  to  surveys  for  the  calculation  of  itioentive 
bonus,  as  this  is  paid  in  respect  of  the  actual  period  between  survey 
dates. 

I 

AU  adits,  cross-cuts,  inclines,  and  stope  passages  are  surveyed  by 
theodolite,  while  hanging  compasses  are  used  for  stope-f ace  Borveys, 
which  are  tied  on  to  theodolite  points.  These  are  brou^t  up  to 
date  about  every  six  months  in  order  to  keep  a  check  on  the  total 
area  mined. 

The  staff  of  the  survey  department  generally  consists  of  two 
surveyors,  two  assistant  surveyors,  four  compass  boys,  and 
assistants,  and  while  kept  as  smaU  as  possible,  is  larger  than  would 
be  the  case  could  stope  surveys  be  evenly  spread  throughout  the 
month.  The  basing  of  costs  and  efficiency  statistics  on  surveyed 
areas  obviously  necessitates  that  the  final  month's  surveys  be 
compressed  into  as  little  time  as  possible. 

Latterly,  a  geological  department  has  been  formed  which,  in 
close  co-operation  with  the  survey  department,  maps  all  geological 
data  of  interest. 

Ropeway 

The  principal  mining  areas  are  connected  with  the  River  Mill 
by  means  of  mono-cable  ropeways.  The  main  ropeway  runs  from 
Barroca  Grande  to  the  River  Mill  via  the  angle  station  at  Entron- 
camento,  a  distance  of  4,150  metres.  Subsidiary  ropeways  carry 
ore  from  Alvoroso  to  Entroncamento  (300  metres),  from  Vale  das 
Freiras  to  Entroncamento  (2,400  metres),  and  from  Panasqueira 
to  Barroca  Grande  (2,060  metres). 

The  Barroca  Grande-River  Mill  ropeway  was  originally  designed 
to  carry  ore  at  the  rate  of  20  tons  per  hour  between  Entroncamento 
and  the  River  and  at  a  rate  of  12  tons  per  hour  between  Barroca 
Grande  and  Entroncamento.    By  1986  the  entire  ropeway  capacily 
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lad  been  increased  to  25  tons  per  hour  by  rednoing  the  bnoket 
interval  and  by  increasing  the  size  of  the  buckets.  The  size  of 
the  rope  was  increased  from  2}  in.  to  2|  in.  circumference,  extra 
trestles  were  built,  and  a  few  structural  alterations  effected  to 
others.  In  1988  the  capacity  of  the  ropeway  was  increased  to 
50  tons  per  hour  by  again  decreasing  the  bucket  interval  and  by 
increasing  the  speed  of  the  rope  and  the  bucket  capacity.  The 
latter  was  made  possible  by  the  removal  of  the  bucket  linings. 

Details  of  the  main  ropeway  and  operation  figures  for  the  period 
1939  to  1944  are  given  in  Table  XIV.     A  greater  tonnage  was 

Table  XIV 

ROPKWAY 

Type  of  rope    6/7  Lang's  lay  2}-in.  ciro. 

Breakiiig  stress    26*9  tons. 

Difference  in  altitude,  Bairoca  Grande- 
River     214  m.  (in  favour  of  load). 

Length  of  ix»peway 4, 150       „ 

Total  length  of  rope   8,662 

Capacity  tons  per  hour 33 

3ucket  capacity 330  kg. 

Bucket  interval   82J  m. 

Rope  8]>eed  139       „       per  minute. 

dumber  of  buckets  on  the  line 100 

Driving  power 7  h.p. 

Hopeway  bin  capacity   870  tons. 

Average  running  time    91-2    percent. 

Average  tonneige  transported  per  hour. . .  34*52         „ 

Average  operatives  employed  per  shift  12 

Average  life  of  rope    300,000  tons. 

transported  per  hour  than  the  rated  capacity  of  the  ropeway. 

This  was  obtained  by  overloading  the  buckets,  which  at  times  were 

heaped  to  carry  360  kg.  of  ore.     Cost  distribution  for  the  years 

1939/42  was  as  follows  : 

Per  cent 

Supervision    3*2 

Operation  (wages) 40-5 

Stores 7-7 

Rope  (amortization) 23*2 

Power 18-6 

Shops 5'4 

Transport  and  sundries    1*4 

1000 

Hand-Pickino  Plant 

Having  attained  the  maximum  capacity  of  the  ropeway  by  over- 
loading it  to  the  extent  of  70  per  cent  over  its  original  designed 
capacity,  and  as  the  mill  capacity  could  not  well  be  increased 
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witboai  impairing  milling  effioienoj,  the  only  way  by  whidi  pro- 
duotion  eould  be  further  inoreaaed  was  by  inoreasing  the  value  of 
the  mill  heads  sent  over  the  ropeway.  This  could  be  aehieved 
either  by  increasing  the  extent  to  which  sorting  waa  performed 
nndergronnd  or  by  the  erection  of  a  surface  hand-picking  plant 
ahead  of  the  ropeway. 

Past  experience  had  shown  that  the  grade  of  mill  feed  ooald  be 
increased  by  careful  underground  sorting  and,  in  fact,  a  figure  of 
1*4  per  cent  metal  for  mill  heads  had  been  obtained  during  a  short 
period.  It  became  clear,  however,  that  such  an  increase  ooold 
only  be  obtained  at  a  cost  of  losing  mineral  values  in  the  mine 
and  in  the  waste  dumps.  Although  the  question  of  a  surface- 
hand-picking  plant  had  been  studied  many  years  before,  the  diffi* 
culty  at  that  time  was  to  obtain  a  suitable  site  for  its  construction,, 
as  ore  was  entering  the  ropeway  not  only  at  Barroca  Grande,  but 
also  at  Entroncamento.  It  was  not  until  an  urgent  call  for 
increased  production  was  made  in  1942  that  it  was  finally  decided 
to  design  and  erect  a  hand-picking  plant  of  simple  construction. 
that  could  be  put  into  operation  as  quickly  as  possible.  Owing 
to  war  difficulties,  materials  for  the 'plant  became  available  only 
after  long  delays  and  it  was  not  until  August,  1948,  that  the  plant 
was  first  put  into  operation. 

The  plant,  which  is  housed  in  a  wooden  building,  consists  of  two 
80-in.  picking  belts  running  in  parallel  at  a  speed  of  10  metres  per 
minute,  with  a  total  capacity  of  100  tons  per  hour.  Each  belt 
has  a  total  length  of  65  metres,  82  metres  being  available  for  picking. 
The  two  belts,  each  driven  through  a  6-in.  worm  reducer  by  a 
6-h.p.  electric  motor,  are  fed  from  two  40  cu.  m.  capacity  buis  by 
means  of  Locker  grizzly  vibrating  feeders,  magnetically  controlled 
by  a.c.-d.c.  generating  sets.  Sprays  of  water  are  allowed  to- 
play  on  the  belts  as  an  aid  in  distinguishing  ore  from  waste.  The 
picked  waste  is  thrown  forward  into  centrally-placed  bins,  having 
a  total  capacity  of  350  tons,  and  is  drawn  off  through  chutes  into 
cars.  These  are  trammed  to  the  waste  washing  plant  subse- 
quently described.  Ore  from  the  two  picking  belts  falls  through 
an  inclined  chute  to  a  30-in.  cross-bfelt  fitted  with  a  hand-propelled 
tripper,  and  so  into  the  ropeway  bins.  This  cross-belt  is  driven 
in  a  similar  way  to  the  picking  belts — by  a  6-h.p.  electric  motor 
through  reduction  gearing. 

The  waste  washing  plant  consists  of  a  compressed-air-operated 
shaker-conveyor  fitted  with  a  screen  bottom.  A  strong  jet  of 
water  is  played  on  the  waste  as  it  moves  forward,  tramp  quarts 
being  removed  by  two  men.    The  washed  fines  pass  through  the- 
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screen  bottom  and  are  led  to  settling  tanks,  from  which  they  are 
shovelied  to  the  ropeway  buckets,  a  special  siding  having  been 
erected  for  this  purpose.  Waste  moves  over  the  shaker-conveyor 
into  a  bin  and  is  trammed  to  the  waste  dumps.  This  somewhat 
clumsy  layout,  governed  to  no  small  extent  by  materials  available 
on  site,  proved  itself  satisfactory  and  the  value  of  recovered  fines- 
was  found  to  be  such  that  a  second  electrically-driven  shaker  was 
installed  with  a  view  to  washing  all  excess  waste  from  the  mine 
which  had  been  in  contact  with  ore.  Although  promising  results 
were  obtained,  no  recovery  figures  were  available  before  the  mine 
was  forced  to  close  down. 

One  of  the  difficulties  to  be  overcome  here  was  that  while  the 
ropeway  normally  works  three  shifts  per  day  the  mine  is  worked  on 
only  two  shifts.  The  original  layout  was  such  as  to  allow  cars  of 
ore  to  be  tipped  at  track  level  into  two  small  bins  ahead  of  the 
Locker  grizzly  feeders.  Later,  when  a  compressed-air  hoist 
became  available,  the  size  of  the  bins  was  increased  by  raising  the 
cars  up  an  incline.  Use  was  made  of  the  height  thus%obtained  to 
stock  ore  on  the  dump  in  case  of  need. 

Table  XV  shows  the  progressive  efficiency  figures  obtained  over 
three  periods :  the  initial  period  from  September,  1943,  to 
January,  1944  ;  a  second  period  of  two  months  during  which  time 
studies  "were  being  made  of  operations ;  and  the  third  period  when 
all  operatives  were  on  incentive. 

Table  XV 
Hand -Picking  Plant  (General  Data) 


Tons  treated  

Tons  of  waste  hand-picked  

Per  cent  waste  picked  

„         fines  in  waste 

„        ore  in  waste    

Average  tonnage  per  hour    

Labour  Shifts : 

Belts    

Other  labour  

Total  labour    

Tone  of  Waste  Picked j Man  Shift 

Beltscmly    

Total  labour    

Efficiency  Indexes  : 

Overall  labour  efficiency   

Average  wage  earned     

Labour  cost /ton  treat-ed    


Sept.,  1943, 

to 
Jan,,  1944 


1 15,653 

40,900 

35-4 

11-8 

1-6 

56-3 

16,618 
9,915 

26,533 


2-5 
1-5 

100 
100 
100 


February 

and 

March,  1944 


32,180 

11,357 

35-3 

11*3 

1-5 

52- 1 

1,874 
3,958 

5,832 


61 
1-9 

127 

120 

94 


April 

and 

May,  1944 


25,664 

10,647 

41-5 

11-2 

1-4 

661 

1,483 
1,579 

3.062 


7-2 
3-5 

233 
163 

85 
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Distribtition  of  costs  are  shown  in  Table  XVI  and  the  efifect  of 
the  hand-picking  of  waste  on  the  recovered  grade  in  TaUe  XYII. 

Table  XVI 
Distribution  of  HAND-PicKiNa  Plant  Ckxnra 

Percent 

Supervision    8^ 

Operation  (wages) 69-7 

Stores 14-6 

Power 6*6 

Shops 2-1 

100*0 

Table  XVII 
Grade  of  Mill  Recovery 

Period  Percent 

1939/40  0-624 

1940/41  0-628 

1941/42  0-724 

1W2/43  0-717 

1943/44  1119 

1944,  April/May    1-376 

Milling 

There  are  two  concentrating  plants  on  the  property — the  old 
mill  at  Panasqueira  and  the  River  Mill  on  the  banks  of  the  River 
y^ezere.  The  former  was  used  for  treating  ore  from  above  No.  5 
adit  level  until  the  total  required  production  could  be  obtained 
by  treating  ore  only  at  the  River  Mill,  when  Panasqueira  ore  was 
transported  by  ropeway  to  the  ore  bins  at  Barroca  Grande. 

The  ropeway  staticm  is  provided  with  a  turnout  with  a  capacity 
of  700  tons  so  that,  in  the  event  of  a  crushing  plant  stoppage,  the 
ore  coming  in  over  the  ropeway  can  be  dumped,  and  treated  later 
when  convenient. 

A  description  of  the  various  sections  of  the  mill  follows,  with 
diagrams  of  main-circuit  flow-sheets  shown  in  Figs.  8  to  11. 

Crushing  Plant. — Normally  the  ropeway  buckets  are  tipped  over 
a  'i-in.  grizzly  into  a  30-in.  by  18-in.  Edgar  Allen  jaw  crusher, 
which  reduces  ore  to  2  in.  I'ndersize  from  the  grizzly,  together 
with  the  crushed  product,  passes  to  a  rotary  log  washer  fed  by  a 
jigging  feeder.  Washing  is  made  necessary,  particularly  in  winter, 
by  the  clayey  nature  of  the  phyllite  lines.  The  washer  and  asso- 
•ciated  screens  produce  the  following  products  : 

—  2  mm.  to  20-me8h  screen  in  gravity  plant. 

—  1^  in.  direct  to  crushed  ore  bin. 
-+-  J  in.  to  picking  bolt. 
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Before  the  ereotion  of  the  hand*pioking  plant  at  Barroea  Graqde, 
some  18  per  cent  of  waste  was  removed  &om  the  ore  at  a  rate  o£ 
abont  five  tons  per  man  shift.  At  present  a  small  quantity  of 
high-grade  selected  ore  is  removed  from  the  belt  and  dent  direct 
to  the  magnetic  separator  plant. 


TOHHlNtTK 


TgqwTY%^yfT 


Fio.  8. — Flowsheet  of  orushing  pleuit. 

The  ore  then  passes  to  a  3-ft.  Symons  cone  crusher  in  closed 
circuit  with  a  Type-480  Hum-mer  screen,  fitted  with  a  f -in.  by  1-in. 
wire  mesh  cloth,  the  undersize  from  which  is  discharged,  through 
a  hand-propelled  tripper^  to  a  24-m.  by  7^-m.  flat-bottomed  bin 
with  a  total  capacity  of  1,500  tons. 


'!^^m 
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The  average  life  of  the  more  importaut  tnaohiiie  parta  id  the 
'niching  plant  i»  an  follows  : 

Totw 

Msnyaiieee  8t«e[  rruaher  jaw  piste 6T,H0U 

Syinona  botrl  and  mantle  liiierH 34,0OCl 

(-ill.  by  Lin.  wire  meah  screen  floth M.iOn 


Fio.  9. — Flowsheet  of  ooane  sectum  gravity  plant. 

Coarse  Orarity  Plant.— Otb  is  drawn  from  the  bottom  of  the 

crushed-ore  bin  by  belt  feeders,  of  which  there  are  four  feeding  the 

main  converor,  which  has  a  width  of  16  in.  and  a  speed  of  87  metres 

per  minute.     Ore  passes  over  an  antomatic  weight  recortler  to  the 
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head  of  a  set  of  screens.  These  consist  of  an  8-ft.  by  4-ft.  Symons 
double-deck  jigging  screen  and  an  8-ft.  by  4-ft.  mechanical  vibrating 
screen,  which  give  the  following  products  : 

Per  cent 
-f  5  by  9  mm.  to  Halkyii  jig    62 

-I-  3  by  5  mm.  to  three  Pan-American  typ)©  jigs       22 

-f  20  mesh  to  two  Hercules  tables  with  Plat-O  type  decks    18 

—  20  mesh  to  flotation 8 

Average   screening   efficiency   as   given   by   the   percentage   of 
undersize  in  the  oversize  is  : 

Per  cent  Undersize 
Coarse  product  (+  5  by  9  mm.) 25*7 

Medium  product  (-f-  3  by  6  mm.) 44*6 

Fine  product  (4-  20  mesh)  9-3 

The  Halkyn  jig  is  a  moving-tray  type  with  an  8-ft.  by  2-ft. 
Iray.  Both  this  machine  and  the  fine  jigs  are  operated  to  give 
middling  products  and  a  clean  tailing.  Halkyn  jig  middlings, 
assaying  about  5  per  cent  metal,  are  fed  through  a  spiral  feeder 
to  a  bucket  elevator,  which  raises  them,  together  with  middlings 
from  the  first  hutches  of  the  fine  jigs,  to  24-in.  rolls,  the  product 
of  which  is  returned  to  the  Symons  screen.  All  jig  tailings  are 
discarded. 

The  coarse  tables  produce  rough  concentrates  of  two  grades, 
averaging  25  per  cent  and  10  per  cent  respectively,  which  are 
treated  separately  in  the  magnetic  separator  plant.  Middlings 
flow  to  the  ball-mill  and  fcails  to  No.  2  Stokes  Duplex  rake  classifier, 
ior  dewatering  and  thence  to  waste. 

Sand  Gravity  Plant  mih  Pre-Flofation. — The  minus  20-me8h 
product  from  the  vibrating  screen  at  the  head  of  the  mill  goes  to 
Stokes  rake  classifier  No.  1.  The  overflow  of  this  classifier  is  sent 
to  a  15-ft.  Dorr  thickener,  the  underflow  of  which  is  raised  by  a 
"diaphragm  pump  to  flow  to  a  conditioner,  taking  with  it  the  sand 
product  of  the  samt*  rake  classifier.  The  reagent  consumption  in 
1941  was : 

Lb./To7i 
'  301  '  at  10  per  cent  solution 0-46 

Cresol 016 

Pine  Oil  Oil 

Gas  Oil    0-14 

Soda    002 

CtiSO^ 0*34 
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Fra,  10.— Flowsheet  of  Band*sectk)ii  gravity  plant  with  pre-flotattoa.. 
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Supply  difficulties  led  to  tests  being  made  with  a  view  tu  reducing . 
th^  quantities  of  reagents  used  and,  latterly,  consumption  was  as 
follows :  . 

Lb.lTan 

'  301  '  at  10  per  cont  solution 0-40 

Cresol 013 

Pin©  Oil  00.-) 

The  conditioned  pulp  with  a  water /solids  ratio  averaging  8  :  1 
is  treated  in  six  Denver  '  Sub-A  '  No.  18  Special  flotation  cells  for 
the  removal  of  sulphide  minerals.  The  sulphide  froth,  carrying 
less  than  0-20  per  cent  metal  is  discarded,  via  the  Stokes  double- 
acting  rake  classifier  No.  4.  Characteristics  of  the  sulphide  float 
are  :  i 

Screen  Analynia  '  Fcr  ccnf  WO^        [ 

-f     30  mesh     0-66  per  cent 017  ' 

4-  100     „       2000         ^...  006  • 

+  200     ,,        51-33  !;■/..  00» 

—  200     ,,       2800         :.........!.  0-37 

The  sink  product  from  flotation  flows  to  a  batch  of  three  Stokes 
hydrosizers  and  is  distributed  to  a  Heroiilej^.lable  ^nd  two  James 
tables.  These  three  tables  make  a  rough^  concentrate,  carrying 
30  to  85  per  cent  metal,  which  goes  to  the  dfying  plaijt :  a  middHii|g, 
rich  in  sulphides,  which  is  returned  to  the  ball-mill  for  further 
grinding  :    and  a  tailing  for  discard,  via  No.  2  rake  classifier. 

Middhngfl  from  all  sand  tables,  together  with  the  second  hutch 
product  from  the  fine  jigs,  and  all  floor  wa^hiugs,  t^rej  sent  to  ra)ie 
classifier  No.  3.  The  overflow  from  this  t^lassifier  flows  to  the 
slime  treatment  plant,  whiU  the  fake  product  goes  to  a  5-ft.  by 
36-in.,  Hardinge  ball-mill  in  closed  circuit  wiih  a  5-ft.  by  4-ft. 
Type  72  Hum-mer  screen  fitted  wilh  a  20-inp?h  cl6th.:  A  Hercujes 
table  is  placed  in  this  circuit  for  tlje  removal  ofja  low-grade  taiUng. 
The  undersizt*  from  the  20-inesh  screen  is  elevated  by  a  2^-in. 
Wilfley  pump  to  rake  classifier  No.  1  at  the  head  of  the  flotation 
plant. 

Consumption  of  manganese  steel  balls,  when  these  were  obtained 
from  England,  was  of  the  order  (»f  0-07  kg.  per  ton  of  original 
mill  feed.  Latterly  balls  cast  in  the  company's  foimdry  gftTQ 
similar  results.  The  average  life  of  ball-mill  liners  is  as  follows  : 
Middle-section  liners,  six  months  :    end-section  liners,  12  months. 

Slimes  (IrncUij  Plant. — The  slime  overflow  from  the  15-ft. 
thickener,  and  from  rake  classifiers  Xos.  2  and  8,  flows  to  a  35-ft. 
Dorr  thickener.  The  thickened  pulp  is  pumped  by  a  2^ -in.  Stokes 
sand  punjp  to  a  Richard  Janney  hydraulic  classifier,  which  alsc^ 
receives  the  overflow  from  the  hydrosizers.     The  spigot  product^ 


»w 


4» 


J.  O.  JkUUAVf  O.  A.  SMITH.  AND  B.  I.  UiWIS  : 


-are  treated  on  six  James  slime  tables,  which  give  a  low-gradf 
eoncentrate,  a  middhng  which  is  returned  to  the  flotation  dieoili 
And  a  tailing  which  is  pnmped  to  Stokes  D.A.  rake  clasrifier  No.  4 
the  rake  product  being  fed  to  the  waste  bins  and  the  overflow  going 
to  the  water  recuperation  plant. 


•  FLOwnoM 


Fig.  11. — ^Flowsheet  of  slimes  gra\4ty  p^ant. 

Drying  and  Magnetic  Separatok  Plant 
Concentrates  froui  all  tables  are  collected  in  inild  steel  boxes, 
having  a  capacity  of  200  kg.,  which  are  transported  on  Morris 
trucks  fitted  with  lifting  devices  to  an  inclined  hoist,  which  elevates 
them  to  the  head  of  the  dr^^ing  plant  where  they  are  weighed. 
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Bich  gravity  plant  concentrates  from  sand  and  flotation  tables 
are  dried  separately  in  six  Chinese  dryers.  They  are  then  raised 
in  a  vertical  Morris  elevator  and  fed  from  an  overhead  gantry  to 
their  appropriate  magnetic  separators  through  discharge  hoppers, 
^ach  having  a  capacity  of  about  600  kg. 

Low-grade  concentrates  from  the  gravity-plant  sand  tables  are 
dried  in  a  Huntington-Heberlein  wood-fired  circular  shelf-dryer. 
This  also  receives,  and  handles  separately,  selected  ore  from  the 
mine  and  crushing  plant,  previously  crushed  in  a  small  rock- 
breaker  to  pass  a  1  to  2-in.  screen.  The  dryer  feeds  concentrates  by 
means  of  an  elevator  to  a  3-mm.  Hum-mer  screen,  the  oversize  of 
which  is  crushed  bv  a  set  of  18-in.  rolls  in  closed  circuit  "with  the 
screen.  The  product  from  this  screen  is  raised  by  the  inclined 
hoist  to  a  double-deck  Hum-mer  screen,  where  it  is  divided  into' 
three  products — flus  26-mesh,  'phis  40-mesh,  and  minus  40-meflh, 
which  are  then  weighed  and  fed  to  their  appropriate  separators. 

Separator  products  fall  into  similar  boxes  to  those  in  which 
gravity-plant  concentrates  are  collected.  Finished  concentrates 
go  to  the  bagging  room,  and  seconds  are  run  to  the  Morris  elevator 
which  returns  them  to  the  gantry  level  for  re-separation  or  tabling. 
Non-magnetics  from  the  treatment  of  wolfram  concentrates  are 
returned  to  the  sands  plant  ball-mill. 

Tin  Plant, — Non-magnetics,  if  they  contain  tin,  are  roasted  in  a' 
Brunton  calciner,  concentrated  in  a  jig  and  on  a  table,  after  screen- 
ing, dried  in  a  Chinese  dryer,  and  again  separated.  Magnetic 
products,  after  crushing  in  an  8-in.  rolls,  are  acid  treated  in  a  pan 
agitator  and  retabled.  Concentrates  from  the  tables  are  dried  and 
sent  again  for  magnetic  separation.  Non-magnetics  are  bagged  as 
70  per  cent  Sn. 

Wolfram, — Wolfram  concentrates  are  shipped,  after  some  sub- 
sidiary tabling  when  this  is  required,  at  an  average  grade  of  68*5 
per  cent  WO,. 

Characteristic  ratios  of  concentration  are  as  follows  : 

Tons  of  mill  feed  per  ton  of  rough  concentrates    40 

Tons  of  rough  concentrates  per  ton  of  final  concentrates    3*0 

(Figures  include  lump  ore  production.) 

Water  Supply. — The  mill  is  situated  on  a  steep  hillside  80  metres 
above  the  normal  level  of  the  River  Zezere.  Owing  to  the  wide 
difference  in  level  between  high  and  low  water  (a  maximum  of 
six  metres)  the  pumping  plant  for  make-up  water  for  all  industrial 
purposes  at  the  Eiver  Section  consists  of  two  4-in.  18-stage  bore- 
hole pumps  by  Sulzer  direct-driven  by  vertical  motors.  The 
pumps  are  erected  on  a  pier  above  high- water  level  and  can  handle 
low-water  conditions. 
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-  Tbe  OTecflow  fiom  the  85-f t.  thiekeber^  iogether  with  the  over- 
flbw  of  mke  obssifier  Nu.  4  dealing  with  ilime  tailingB  and  pyiit» 
float,  ift  pumped  by  three  60-h.p.  Wiifley  fund: pomps,  one  of  which 
is  in  reserve',  to  a  71-ft.  Dorr  traoticm  thickener  from  which  a 
thickened  slime  product  (about  1:1  W/S  ratio)  is  withdrawn  and 
dmaped;    The  clear  water  is  distributed  for  recuse. 

.  ApproKimatelj  one  ton  of  raake^-up-  water  is  required  per  ton  of 
ore  milled.  Total  milling  requirements  are  approxiniately  f«Nir 
tons  of  water  per  ton  of  ore.  •       ■      - 

I  I 

Tailings  Disposal    . 

Th^.o^jgiual  chpice  of  mill  site  was  not  t>  fqrtunate  one  and 
cfearly,  ueyer  euyi^Aged  treatment  on  tb(f  scale  of  the  last  10  years. 
T|ie  choice  was  evidei^tly  governed  by  th^  pro^ipiity  of  the  water 
si^pjply  ff^th^r  tha4  with  a  vi^^  to.  futile  4upip,^pace. 

Aft^r  1941  hfind-traimming,  gave^  way  to  px^le  trausj^ort  and  iu 
1942^, a  serious  situation  developed  .i^  so,,far>s  further  dumping 
space  >yas  not  available  close  tp  jt^e  m^)[.  .  ^Qip?  fprm  of  mechanical 
tijf^ns^ft  was  /ceqiure4  to.  reaph  ^|:|itable.  (jiymp,  f Uep.  1-2  kilometres 
di^t^ujt..^  The  <$^9ic^  being. liin^t^d  by  the.  injftteriaip  availably  iu 
th]^,  coi^ti^y,  two  9^.g^d-hand  60-h.p.,  Jocomotiyes  ruodified  for 
wood  firing  were  acquired,  togethef  ipf^t^  12  vjragpp^.with  ^  capacity 
of  %^  cu.  x\u  each ;  1,900  metres  of  7$0-mip.  g^uge  traok  were 
laid,  using  20- kg.  rails. 

(Jkneiial 

Th<*  following  are  noteworthy  features  in  the  described  tiow- 
sheet  : 

(1)  The  early  elimination  of  clean  tailings  at  coarse  sizes. 

Wliile  tliis  was  one  of  the  principal  objectives  of  the  mill  design, 
it  is  only  fair  to  say  that  its  success  is  due  to  the  nature  of  the  ore, 
which  is  remarkably  free  from  tinelv-disseminated  mineral. 

A  metal  balanci*  sheet  showing  distribution  of  mill  f»>ed  and  the 
distril)ution  of  the  j^ravity  mill  products  is  shown  in  Table  XVIII- 
Tbese  figun^s  do  not  include  material  removed  by  baud-picking, 

i'l)  The  inclusion  of  tiotation  in  the  circuit,  as  distinct  from  i)atch 
work  usually  adopted  in  tin  and  wolf  mm  milling. 

The  average  sulphide  content  of  the  ore  is  about  4  per  cent,  in 
the  ratio  of  two-thirds  pyrite  to  one-third  arsenopyrite.  The 
sulphide  p(»rcentai?e  in  the  dotation  feed  is,  however,  increased  to 
16  per  cent  by  reason  of  the  elimination  of  coarse  tailings. 

The  disadvantages  that  might  be  expected  from  this  procedure 
are  :  (n)  Possible  sliming  of  wolfram  by  attrition  in  the  cells,  and 
{h)  slime  losses  of  wolfram  as  a  result  of  grinding  in  the  middlings 
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ball-mill.  As  alime  losses  ainoimt  only  to  some  17  per  cent  of  the 
total  wolfram. lost  in  the  tailings,  this  does  not  appear  to  be  a 
serious  factor.  On  the  other  hand  the  elimination  of  sniphides  in 
this  manner  makes  for  greater  simplicity  in  the  circuit. 

(8)  The  feeding  of  comparatively  low-grade  concentrates  to  thf^ 
magnetic  separators. 

The  low  capacity  of  magnetic  separators  and  the  number  of 
secondary  products  that  result  has  not  encouraged  their  use  as 
concentrating  units.  They  are  normally  considered  as  a  necessary 
evil  in  the  final  treatment  of  complex  concentrates  whose  con- 
stituents cannot  be  segregated  by  any  other  means.  Provided  the 
valuable  minerals  are  reasonably  free  from  chatty  particles  at  the 
upper  limits  of  2^  to  8  mm.  they  offer  the  great  advantage  that, 
apart  from  dusting  losses,  material  sent  to  this  section  of  the  plant 
can  be  treated  and  retreated,  without  the  risk  of  loss,  until  the 
products  are  satisfactory.  In  practice,  of  course,  there  is  a  limit 
to  retreatment,  but  all  separator  plant  residues  are  finally  returned 
to  the  main  circuit. 

The  costs  of  treatment  in  this  section  of  the  plant,  including 
haggling  for  export,  amount  to  25  per  cent  of  the  total  milling  costs. 

Costs. — The  distribution  of  milling  costs  for  the  financial  year 
1940/41  was : 

Percent 

Super\'i8ion    3-2 

Operation  (wages) 19*4 

Stores,  8usf>en8e,  and  mill  ispares   36*5 

Power 19*2 

Shops 3*3 

Mill,  general  6*r> 

Sampling  and  assaying    3-1 

Water  supply     6*8 

100*0 

Mill  Power  Plant. — This  consists  of  tliroe  250-h.p.  two-cylinder 
Tangye  suction-gas  engines*  belt-connected  by  Lenix  drives  to 
three  184  kW  d.c.  22()-V  generators.  A  130-h.p.  Campbell 
gas-engine  belt-coupled  to  a  67  k\V  220- V  d.c.  generator  is  also 
available  for  balancing  the  power  supply. 

In  the  past  two  Tangye  engines  were  sufficient  to  take  the  load. 
Modifications  to  the  mill,  with  particular  reference  to  improved 
water  control  and  anti-pollution  measures,  together  with  enlarged 
workshops  equipment,  made  further  power  necessary-.  This  is 
drawn  from  the  third  Tangye  or  from  the  Campbell  engine  as 
requirements  demand. 


THB  PANASQimiRA  BONES,  POBTUOAL.  45- 

Gas  is  drawn  from  suction  producers,  of  which  there  are  four 
supplying  the  Tangye  engines  and  one  supplying  the  Campbell. 
The  fuel  normally  employed  is  Welsh  anthracite,  preferably  *  Big^ 
Vein  \  with  a  10  per  cent  mixture  of  local  charcoal  made  from  heath 
roots.  During  the  war,  as  a  result  of  a  shortage  of  anthracite,  a 
larger  percentage  of  charcoal  has  been  used  with  detriment  to 
efficient  running. 

The  following  statistical  data  refer  to  the  Tangye  engines  under 
normal  conditions  as  prevailed  during  the  year  1940/41  : 

KWh  generated 2,161,540^ 

Tons  of  ore  mUled  288,603 

Total  power  consumption — kWh/ton 7*4^ 

Average  consumption  of  fuel — 

Per  engine  hour  (kg.) 82''8- 

Per  kWh  generated  (kg.)    0-6* 

Labour — 

Man-hours  on  maintenance  per  1,000  kWk    0*63 

Man  hours  on  operation  per  1,000  kWh      13*20' 

Average  hours  per  ongine/month 45i^ 

Mining  time  lost  per  year  due  to  power  failures    Ih.  35in. 

As  far  as  possible  each  unit  in  the  mill  is  driven  by  individual  electric 
motors  through  V -belts. 

Sampling  and  Assaying 

Tho  laboratory  is  responsible  for  all  sampling  and  assaying,  the 
latter  being  carried  out  by  two  methods — that  of  chemical  analysis 
and  Superpanner  assays.  A  description  of  the  Superpanuer  i» 
given  in  the  Transactions  of  the  Institution,  Vol.  49  (1989-40)^ 
page  716. 

The  work  of  the  laboratory  can  be  divided  into  : 

Daily  control  samples  of  lump  ore,  log- washer  *  fines  ',  all  tailings, 
both  from  gravity  and  separator  plants,  and  of  any  product  trans- 
ferred from  one  mill  section  to  another.  These  samples,  except 
for  that  of  lump  ore,  are  assayed  by  the  Superpanner.  No  sample 
of  coarse  feed  to  mill  is  taken,  as  after  many  tests  it  was  found 
that,  unless  so  large  a  sample  is  taken  as  to  necessitate  a  separate 
plant,  representative  results  cannot  be  achieved  owing  to  the 
heterogeneous  nature  of  wolfram  mineralization.  A  figure  for  the 
value  of  this  feed  is  therefore  calculated  by  difference. 

MorUhly  control  samples  of  all  the  above  by  chemical  assay. 

Periodic  control  samples  of  Superpanner  concentrates  by  chemical 
assay. 

Control  of  magnetic  separator  products  for  the  preparation  of 
concentrates  for  shipment  and  the  sampling  of  these  by  chemical 
assay. 
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•^ieiitii,  etc. 

>     i^Mat^  for  outfiide  oo&oeras.  • 

•'    A  high-grade  oonocmtrato  is  obtained  from  the  Buperpamier,  to 

'  the  weight  of  which  a  factor  is  appUed  to  give  the:  true  metal 

'  totitent  expressed  as  a  percentage  of  WOg.    All  Snperpaauer 

concentrates  are  kept  and  are  chemically  assayed  from  time  to 
.,  time,  the  average  to  date  assay  valne  of  each  type  of  sauiple  being 

nsed  as  the  correction  factor.    These  control  assays  gave  the  results, 
, shown  in  Table  XIX,  for  Halkyn  jig  tailings  between  December, 
i  .1940,  and  )fay,  1942. 
I ,  :  Table  XIX 

SUPEBPAN'NEB  Ck>NCEKTRATE8   FROM   AbSAY   OF   HALKTV  JIG   TaUAXOB 


t 

DaUof 

J .,  Control  Aamiys 

. 
J- 

•  • 

Period  to 

Which  Remit 

Refer9 

Superpanner 
OoncentreUea, 
Per  cent  WO^ 

Faetor 

Applied, 

Per  cent  WO^ 

to  daU 

Percent 

Error  €f 

Faetor 

.April,  1941 

August,  1941 

December,  1941  ... 
Mav.  1942  

Five  months 
Four      „ 

• 

Four 
Five 

6844 
69-79 

60-67         ' 

ijr)-4r> 

G800 

• 

a8-44 

(•.()04 

—  0-65 

—  1-97 

+  4-SS 

-* 

Table  XX 

CoMPAKISON     HKTWEEN    ChKMK'AL    AND    Si  PEKPANNKH    AsSAYS 


Samph 
Xo. 


Chtniical  Asftdff 


Superpfinhtr  A^sfHf 


1521    


Pt-r  rr«/  Per  cent 


\V(\ 


U-23 

to: 


Sn. 


Per  cent*  Pfr  o.'ntl  Ptr  rtnt 
Total    I  Differ.  I  Difftr- 
rnci     !     mcr 


U-UJ  0-32     '       not 

010     '    0-4.">        -t-OOH 


|»-1S     '    4-2."')  n!>s 

I  I  > 


--12-.' 


Mftal-^wt.y  F. 
Per  cent 


O-.'io      0-r)6xti") 


-  J3-3      0-51      0-78x65 
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The  lacgeet  difference  between  the  factor  applied  and  that  which 
ishould  have  been  used  was  about  5  per  cent,  so  that  results  were 
:too  high  to  this  extent  during  the  four  months  Septembei*  to 
December,  1941.  However,  the  effect  of  this  error  on  tailings 
vassays  is  negligible  and  results  are  well  within  the  degree  of  accuracy 
'Obtainable  by  chemical  assay. 

Superpanner  assays  have  been  checked  by  direct  chemical  assay. 
iSome  comparative  results  are  shown  in  Table  XX. 

While  the  accuracy  of  the  Superpanner  depends  to  no  small 
degree  on  the  dexterity  of  the  operator,  who  should  work  towards 
getting  a  concentrate  with  a  constant  grade  and  as  low  a  tailing 
■  <as  possible,  it  has  proved  of  great  utility  in  assays  for  daily  control 
purposes  and  for  test  work,  as  results  can  be  obtained  at  short 
notice.  It  is  further  considered  that  the  element  of  uncertaintv 
in  the  sampling,  as  well  as  the  error  inherent  in  low-grade  wolfram 
Assays  by  any  of  the  known  chemical  methods  are  such  as  to 
warrant  the  use*  of  the  Superpanner  for  the  purpose  of  obtaining  a 
-close  estimate  of  the  value  of  tailings. 

Wolfram  Assay^ing. — The  current  metliod  used  for  the  assaying 
of  wolfram  consists  of : 

Attacking  the  sample  with  HCl,  adding  HNO3:  diluting  and 
treating  with  a  10  per  cent  solution  of  cinchonine :  allowing  to 
•stand  for  eight  hours  :  filtering  and  washing  the  precipitate  with 
A  1  per  cent  solution  of  cinchonine :  adding  a  few  drops  of  methyl 
>orango :  slowly  calcining  the  filtered  residue,  removing  the  siUca 
"by  tho  us*^  of  a  mixture  of  hydrofluoric  and  sulphuric  acids :  cooling 
and  weighing:  cleaning  the  residues  with  alkaline  carbonates. 
This  method  is  used  for  samples  containing  more  than  40  per  cent 
WO3. 

A  similar  method  is  used  for  low-grade  samples,  except  that  the 
process  takes  longer,  reprecipitation  by  means  of  cinchonine  being 
required  after  dissolving  tlie  WOj  in  ammonia  and  soda  for  the 
removal  of  impurities. 

Latterlv,  tests  have  been  run  on  a  method  described  in  the 
Hevista  da  Ordem  dos  Engenheiros  of  Portugal.  This  is  a  volumetric 
assay  and,  in  short,  consists  of  : 

Attacking  the  sample  with  HCl  followed  by  HNO3  and  aqua 
Tegia  until  no  dense  dark  particles  are  to  be  seen  r  diluting  and 
filtering:  washing  by  decantation  with  1/20  HCl  and  again  with 
a  1  per  cent  solution  of  HNOa :  filtering  and  washing  again  with 
the  same  solution  until  the  precipitate  is  free  from  acid:  trans- 
ferring to  beaker  and  adding  sufficient  standardized  solution  of 
NaOH  as  will  dissolve  all  the  WO3,  plus  a  small  excess:    mixing 
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welly  dilntiDgftnd  addinga  few  drops  of  {dienolphtluileiBand  IwaliDg' 
to  between  60^  and  70^  Centigrade  for  a  few  murateB  and  until  no 
yeUow  partieleB  are  visible:  adding  a  few  more  drops  of  NaOHr 
cooling  and  titrating  against  a  standardised  solntion  of  HCL 

The  author  of  the  paper  describing  this  method  chums  -that 
results  can  be  obtained  to  within  0*90  per  cent  W0|,  which  haa 
been  confirmed  by  tests  ran  in  the  laboratory,  as  shown  in  TaUe 
XXI,  and  which  makes  the  method  suitable  for  all  bat  kyw-grade 
wolfram  samples. 

Table  XXI 

Ck>lCPABI80N  .  BETWEEN   ORAVniETRIC   AND   VOLUMETBIC   ASSAYS 


1 

S0mpie 
No. 

Qraoimetr\ 

• 

\c  Method 

Difference  +/ — 

Vdumetr 

ieMeOini 

Per  cent 

Average 
per  cent 

Per  cent 

iro. 

Percent 
Error 

Aver<Mge 
per  cent 

Per  cad 

Bieh  Sampl 
R365 

es  : 
68-22 
68-50 
68-33 

68-35 

—0-22 

—0-8 

68-13 

68-30 
68-10 
68- 1# 

C461  

63-34 

63-34 

+  0-26 

-fO-4 

63-60 

63-60 

C462 

66-68 

66-68 

-rO-22 

+  0-3 

66-9(» 

06-90 

Medium 'Ri 
C406  

ch  Satuphu 
46-90 
46-97 

• 

46-93 

0-17 

-0-4 

4(5-76 

46-00 
46-70 
46-70 

S69     

29-4:> 

29-4.'> 

!-oor> 

H  0-2 

29-50 

29-70 
29-30 

S77     

17-10 

17-10 

-005 

—0.3 

17-05 

17-10 
17-0O 

Low-(irade 
884     

Sample H  : 
7-09 

709 

-i  0-21 

4  3-0 

7-30 

7-30 
7-30 

855     

3-19 

3-19 

-fO-21 

-!-6-6 

3-40 

3-40 
3-40 

T« 

2-47 

2-47 

—007 

—2-8 

2-40 

2-40 

The  advantages  of  tho  new  method  over  the  gravimetric  method 
are : 

(1)  Rapidity.  Besults  can  be  furnished  by  the  laboratory  after 
nine  hours,  as  compared  with  25  hours  in  the  case  of  the  gravi- 
metric method. 
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(2)  Economy.  No  platinum  crucible  is  required.  No  cinchonine- 
is  need.  Less  labour  and  fuel  are  required.  It  is  estimated  that 
an  economy  of  over  60  per  cent  is  obtained  by  the  employment  of 
the  v(^Qmetric  method  for  WOa  assays. 

There  is  the  added  advantage  that  the  undissolved  cassiterite 
remaining  after  taking  up  the  WOj  can  be  used  for  determining 
the  tin  content  of  the  sample  without  having  to  prepare  a  new 
sample  for  this  purpose.  An  economy  of  about  35  per  cent  is 
obtained  per  tin  assay  by  so  doing,  and  results  compare  favourably 
with  those  obtained  from  specially-prepared  samples. 

Comparative  results  using  in  the  first  place  a  specially-prepared 
sample  and  secondly  the  residues  from  the  wolfram  assav  are  shown 
in  Table  XXII. 

Table  XXII 
Tin  Assays 


Setmple  No. 

Direct 

A  May 

Per  cent  Sn. 

Using 

Residues 

Per  cent  Sn. 

Difference 

Per  cent  Sn. 

Per  cent  Error 

R362    

006 

006 

R365    

012 

010 

—  002 

17 

UKCC-1447    

0-47 

0-42 

—  0-05 

—11 

1448    

0-22 

0-20 

—  002 

9 

1449    

p-32 

0-33 

+  001 

-h   3 

1450    

0-56 

0-56 

— 

1452    

2-61 

2-56 

—  005 

1453    

0-36 

0-32 

—  004 

11 

It  is  quite  clear  from  Table  XXI  that,  with  an  error  of  the  order 
of  0*2  per  cent  WO^,  the  volumetric  assay  is  not  suitable  for  assaying 
low-grade  samples,  as  for  example  in  the  case  of  tailings.  How- 
ever,, as  the  Superpanner  is  used  for  most  daily  control  purposes^ 
and  as  a  65  per  cent  WO3  concentrate  is  obtained  from  it,  the  use 
of  the  volumetric  method  can  be  extended  to  the  majority  of 
.samples  where  a  high  degree  of  accuracy  is  not  required. 
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The  dispened  location  of  opesatiooBt  with  two  mine  ieotioM 
%ix  JdlometreB  apart  and  with  the  mill  nin»  Idlometim  diitiiit 
from  the  nearest,  required  that  repair  shops  be  aTajlaU*  in  aD 
sections,  with  consequent  dupUcation  of  equipment.    Qetaihi-ace : 

Bwer  MtU,— rOperations  making  most  use  of  the  servioea  of  the 
shops  are  those  of  miUii]^  and  it  has.  therefore  been  the  polii^  to 
•concentrate  the  majority  of  equipment  in  this  section.  Bhc^s 
'Consist  of  mechanical  workshops,  forge,  electrical  repair  shop, 
foundry  and  carpentry.  The  mechanical  shops,  which  haye  baen 
•especially  increased  during  recent  years  as  a  result  of  the  diffioulty 
of  obtaining  spare  parts,  are  now  equipped  with  seven  lathes, 
handling  work  up  to  three  metres  in  length  and  two-met^  in 
diameter,  a  milling  machine,  mechanical  hacksaw,  two  radial 
drilling  machines,  two  slotting  machines,  plate  bending  machine, 
plate  cutter,  two  electric  welding  sets  (one  stationary  and  one 
portable),  hand  press,  and  all  necessary  complementary  tools. 

The  foundry  consists  of  a  cupola  furnace  for  cast  iron,  with  a 

maximum  capacity  of  1,000  kg.  per  hour,  three  crucible  furnaces 

for  brass  and  whitemetal,  flmd  a  pattern  drying  plant,  all  installed 

iu  a  suitable  building  with  a  floor  area  of  180  square  metree.    An 

adjoining  building  houses  the  pattern  manufacturing  shop  and 

«toro.  .  The  output  of  the  foundry  depends  on  requirements  and 

during  the  financial  year  1948/44  was  : 

Brass  I  Bronze     WhiUmeM         Cast  Iron 
Weight  offinished  articles  (kg.)      8,838  1,129  27,210 

Per  cent  of  scrap  metal  used  ...       40  70  90 

With  the  difficulty  of  obtaining  imported  spare  parts  during  the 
War,  the  foundry  offered  the  advantage  of  rapidity  of  work  and 
cheapness,  as  compared  with  local  suppliers,  and  dealt  with  the 
majority  of  requirements  up  to  castings  weighing  350  kg.  The 
largest  casting  made  was  that  of  a  V-belt  pulley  with  a  diameter 
of  1-80  metres.  Under  normal  conditions,  the  economics  of  mine 
foundry  work  depends  on  the  cost  and  life  of  the  spate  parts 
•  manufactured,  and  details  have  been  kept  for  future  comparison 
and  use. 

The  carpentry  contains  sawing  and  planing  machinery  and  is 
designed  with  ample  room  to  handle  the  repair  of  tables  and 
launders. 

All  work  in  the  shops  is  performed  against  job  orders  and  a  card 
fiystem  is  used  for  costing.  New  articles  manufactured,  as  distinct 
from  repair  jobs,  are  suppHed  to  the  general  stores  at  cost  and  are 
i^snt^d  against  requisitions,  as  obtains  with  purchased  articles. 
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Thus  a  check  is  kept  to  see  that  articles  are  not  mannfactured  on 
site  which  can  be  purchased  more  economically;  unless  urgency  or 
additional  Ufe  warrant  same. 

An  average  of  169  fitters,  carpenters,  foundry  men  and  appren- 
tices were  employed  per  day  at  the  Kiver  Mill  shops  during  the 
year  1943/44.  A  school  for  apprentices,  usually  the  sons  of 
workmen,  with  practical  and  theoretical  training,  was  run  by  the 
engineering  staff  for  several  years,  until  the  stoppage  of  operations. 

Pancisqueira. — The  original  shops  were  in  this  section,  but  equip- 
ment has  been  reduced  since  the  closing  of  the  mill.  They  now 
remain  primarily  to  deal  with  some  of  the  mine  requirements  and 
contain  two  lathes,  a  drilling  machine,  a  slotting  machine,  forges, 
and  a  mechanical  saw.  Little  carpentry  work  is  done  except  for 
certain  mine  requirements. 

Barroca  Grande. — The  shops  here  are  limited  to  heavy  mine- 
repairs  not  requiring  the  use  of  mechanical  tools  and  consist 
chiefly  of  blacksmith  work  and  welding,  for  which  an  electric 
welding  set  is  available.  In  addition  to  the  work  mentioned  under 
drill-sharpening,  a  special  section  deals  with  the  maintenance  of 
machine  drills  and  the  fitting  of  spare  parts. 

The  carpentry  shop  in  this  section  is  fully  equipped  with  wood- 
working machinery,  erected  for  the  purpose  of  manufacturing  in 
series  all  woodwork  for  house  building  during  the  period  of  intense 
construction. 

Neutralization  of  Water 

Following  complaints  that  crops  grown  on  the  river  banks  or 
irrigated  by  river  water  were  being  spoilt  by  acid  water  from  the 
mine  and  mill,  the  problem  of  its  treatment  was  taken  in  hand  at 
iiarroca  Grande  and  at  the  River  section. 

Barroca  Grande. — Mine  water  flows  from  the  Main  Adit  at  a 
rate  that  varies  between  460  and  1,800  litres  per  minute.  The 
acidity  of  this  water  ranges  between  25  and  1,800  mg.  of  H2SO4 
per  litre,  the  higher  figure  being  observed  during  the  wet  season, 
as  a  result  of  seepage  through  the  old  stopes. 

Mine  water  flows  to  a  neutralizing  plant,  where  it  is  treated  by 
finely-ground  slaked  lime  automatically  added  as  the  water  passes 
into  a  settling  tank.  The  bottom  of  this  tank  is  fitted  with  dis- 
charge valves  from  which  the  precipitated  ferric  salts  are  with- 
drawn. The  precipitate,  containing  some  10  per  cent  sohds,  is  led 
to  setthng  tanks  sunk  in  the  waste  dumps,  where  it  is  dried  in  the 
sun  and  shovelled  out  by  hand.  These  tanks  also  receive  the  shme 
overflow  from  the  waste  washing  plant.     The  clear  water  is  dis- 
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charged  over  a  knife  edge  and,  after  paisiiig  thzon^  a  aaiid  filter 
bed,  is  pumped  for  industrial  pnrpoeea,  or  is  allowed  to  flow  into 
the  river. 

The  amount  of  lime  added,  which  varies  between  180  and  800 
kg,  per  24  hours,  is  such  that  the  migority  of  ferrous  salts  have 
been  oxidised  and  precipitated  and  that  die  water  diseharged  is 
faintly  alkaline.  The  company  fluaccessfully  cultivates  land  irri- 
gated by  this  water,  as  a  proof -of  the  efficacy  of  the  spAem, 
producing  green  pasture  and  mai^e  for  feeding  the  mules. 

River  Mill. — At  the  Biver  mill  the  chief  difficulty  was  the  disposal 
of  slimes.  These  and  all  water  is  now  pumped  to  a  71-f t.  thiokener, 
as  described  under  milling,  lime  being  added  to  the  pump  inflow. 
Slimes  are  discharged  through  a  diaphragm  pump  to  tailings  oars, 
where  they  are  mixed  with  table  and  jig  tailings  and  dumped.  It 
is  found  that  this  mixture  sets  hard  in  a  short  time  and  does  not 
Mow  into  the  river.  Rainwater,  seeping  through  the  old  dumps, 
is  collected  in  a  ditch  running  along  the  river  bank  and  is  treated 
with  scrap  iron  to  remove  any  copper  salts,  followed  by  lime.  The 
quantity  is  small  and  does  not,  therefore,  require  the  more  elaborate 
plant  necessary  for  mine  water  at  Barroca  Grande.  Samples  of 
river  water  are  taken  at  regular  intervals  above  and  below  the  mill 
and  results  are  controlled  by  the  Government  Mines  Department. 

Study  Department 

111  1939  the  (litiiculties  of  supervision  and  of  poor  labour  led  to 
llu'  decision  to  call  in  *  Associated  Industrial  Consultants*  to 
orj^anize  a  study  department  capable  of  training  supervision 
personnel,  to  put  labour  on  a  rational  and  equitable  incentive 
system,  and  to  develop  a  method  of  measuring  the  labour  cost  of 
various  methods  of  st oping. 

The  essential  principle  of  the  A.I.C.  system  of  study,  as  applied 
to  this  property,  is  one  of  measuring  the  work  units  expended  by 
each  operative  in  performing  the  elements  of  work  which,  in 
combination,  go  to  make  up  the  cycle  of  operations.  Work  is  not 
subdivided  to  the  degree  required  by  other  systems  of  work 
measurement  and.  as  applied  to  mining,  where  conditions  are 
variable  to  a  high  degree  both  as  regards  time  and  place,  the 
system  affords  only  approximate  results. 

The  rating  of  the  effort  expended  by  an  operative  is  measured 
in  appropriate  units  of  work  per  houf^,  a  rate  of  60  U/H  being  here 
considered  as  one  of  normal  expectancy,  or  that  rate  at  which 
men  earning  day's  pay  should  work.  Any  rate  above  a  60  U/H 
is  credited  with  a  bonus  in  direct  proportion  to  the  increased  effort 
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expended.  lu  general,  no  more  than  a  steady  80  U/H  can  be 
expected  without  undue  exertion,  although  men  were  known  to 
work  at  higher  rates  for  short  intervals. 

All  incentive  schedules  require  each  operative  to  produce  a 
minimum  of  480  units  of  work  in  an  eight-hour  shift,  although  a 
percentage  of  this  time  will  be  taken  up  in  resting. 

Studymen,  of  whom  there  were  four,  were  drawn  from  young 
Portuguese  of  approximate  School  Certificate  standard,  and 
checkers,  one  to  each  working  place,  from  the  local  labour  force, 
the  only  essential  being  the  ability  to  read  and  write.  Training  of 
the  studymen  was  performed  in  about  a  month  of  intensive  work, 
the  manipulation  of  the  stop-watch  to  the  necessary  degree  of 
accuracy  being  obtained  in  less  than  a  week.  Eating  of  the 
expended  effort  to  a  degree  of  accuracy  satisfactory  to  the  A.I.C. 
engineer  was  obtained  in  most  cases  within  two  weeks,  although 
further  time  was  required  for  studies  under  especially  awkward 
working  conditions. 

Training  was  given  by  studying  simple  repetitive  operations, 
the  particular  one  chosen  being  the  manufacture  of  concrete  blocks 
in  hand  tamping  machines.  The  operations  were  mostly  of  short 
duration,  requiring  agility  in  the  manipulation  of  the  stop-watch, 
but  conditions  were  good  and  rating  simple.  Studymen  were 
encouraged  to  try  out  the  work  themselves  and  to  look  out  for 
causes  of  lost  time  and  ineffective  effort,  altering  the  process  and 
the  layout  when  required.  The  operatives  were  finally  put  on 
incentive  and  high  bonus  rates  were  paid.  Production  per  man 
.shift  increased  from  47  to  140  blocks  per  man  shift,  the  latter 
figure  being  the  average  obtained  during  the  manufacture  of 
170,926  blocks. 

A  general  survey  of  the  operations  employing  labour  was  first 
made  by  the  A.IC.  engineer.  It  was  found  that  60  per  cent  of 
the  labour  force  was  employed  in  the  mine,  of  which  40  per  cent 
can  be  grouped  under  the  heading  *  Stope  Trammers  and  Muckers  ', 
whose  essential  work  is  the  removal  of  broken  muck  from  the  face 
and  the  building  of  pack-walls  for  hanging-wall  support.  It  was 
therefore  decided  to  start  with  the  application  of  this  group  of 
operatives.  As  already  mentioned  the  system  of  stoping  was 
altered  at  the  same  time  that  the  Study  Department  was  formed  at 
Panasqueira,  so  that  a  true  comparison  between  past  labour 
efiiciencies,  and  eiSicieucies  after  apphcation,  cannot  be  taken 
by  a  mere  examination  of  the  figures  for  labour  employed  per 
square  metre.  The  system  of  semi-shrinkage  stoping,  which  waiS 
in    operation    immediately    before    the  Study    Department  w€ts 
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otganieed,  is  more  costly  in  labour  than  the  scatter- wall  systeixr 
introduced  at  that  time.  However,  semi-shrmkage  stoping  was 
never  performed  to  completion,  as  is  shown  by  the  lltrge  areas  of 
pack-walls  awaiting  re-mining  after  the  system  had  been  in 
operation  for '18  months.  For,  at  September,  1988,  there  were^ 
48,000  sq.  m.  of  pack-walls  awaiting  re-mining,  against  a  normal 
10,000  required  by  the  system.  To  obtain  a  true  comparison  of 
the  labour  employed  before  and  after  apphcation,  the  labour 
required  to  stope  the  excess  88,000  sq.  m.  would  have  to  be  taken 
into  consideration.  In  spite  of  this  excess  work,  labour  productivity 
increased  as  shown : 

Stope  Trammers  and  Muckers f^q.  m> 

1939/40  1-26 

1940/41   0-83 

1941/42  0-94 

In  1989/40  the  figure  for  Fanasqueira  section,  the  first  to  be 
applied,  was  1-08  as  compared  with  1-24  for  the  year  1988/89. 

Before  the  application  of  the  studies  method  it  is  calculated  that 
the  rate  of  work  of  the  average  operative  underground  was  of  the 
order  of  45  U/H.  After  apphcation  of  the  tramming  and  mucking- 
labour  iu  the  stopes,  the  average  unit  hour  of  this  group  of  opera- 
tives rose  to  72.  This  increase  in  efficiency  resulted,  therefore,  in 
a  labour  saving  of  83  per  cent  and  an  increase  in  wages  of  20  per 
cent. 

The  Study  Department  has  j)i'rf<)rct'  to  he  an  unpopular  urgaui- 
zation  among  the  engineering  staff,  as  its  work  is  confined  to  no- 
particular  section  of  the  operations  and  it  has  no  direct  executive 
control.  Its  business  is  to  work  out  the  terms  for  the  creation  of 
a  willing  and  contented  labour  force,  earning  good  money,  with  its 
entire  effort  directed  towards  the  production  of  useful  work.  This 
can  be  achieved  only  by  obtaining  the  full  co-operation  of  the 
engineers  in  direct  control  of  operations,  who  must  see  that  Study 
Department  recommendations  are  put  into  effect.  In  fact,  the 
success  of  the  application  in  its  early  stages  was  in  direct  pro- 
portion to  the  interest  and  co-operatioii  given  by  the  section 
engineers. 

Here  the  presumably  uncommon  feature  must  be  emphasized  : 
that  of  a  labour  force  willing  and  keen  to  work  under  the  incentive 
system,  but  with  supervision  showing  a  lack  of  interest  which  at 
times  became  little  less  than  open  ho><tility.  This  was  the  greatest 
dilhculty  that  had  to  be  overcoine  and,  although  finally  sur- 
mounted, no  real  co-operation  can  be  said  to  have  been  achieved 
except  in  a  few  individual  cases.     Any  incentive  system  breaks 
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down  onlesB  adequate  supervision  is  available  to  see  that  bonus  is 
not  earned  at  the  expense  of  the  quaUtj  of  the  work  performed 
and  while,  if  bad  work  is  performed,  the  incentive  system  is  usuaUy 
blamed,  it  is  in  fact  more  <^teh  insufficient  or  inexperienced  SQp^r^ 
vision  that  causes  the  trouble.  The  fact  that  many  of  the  stope 
bosses,  and  even  some  of  the  shift  bosses,  could  neither  read  nor 
write  goes  a  long  way  to  explain  the  difficulty  of  obtaining  adequate 
supervision. 

Other  essentials  for  any  incentive  system  to  be  successful  are 
that  the  labour  force  should  be  fully  cognisant  of  the  system  and 
that  there  should  be  present  the  urge  to  earn  higher  wages.  When, 
therefore,  in  1942  a  shortage  of  labour  was  felt,  which  was  over- 
come by  recruiting  men  from  distant  regions  of  the  country,  the 
new  men  employed  had  no  knowledge  of  the  system.  Furthermore, 
as  the  labour  turnover  rose,  it  became  impossible  to  keep  all  the 
men  informed  and  interested.  In  addition,  a  war  bonus  of  60  per 
cent  diminished  the  urge  to  earn  higher  wages  by  an  increased 
expenditure  of  effort.  The  system,  therefore,  slowly  fell  into 
disuse,  except  in  isolated  cases  where  control  was  easier  and  labour 
turnover  small.    Mine  labour  efficiencies  fell  as  shown  : 

Trammers  and  Muckers  I sq,  m. 

1942/43  1-55 

1943/44  1-62 

The  earlier  success  of  the  system  had  been  due  not  only  to  the 
fact  that  labour  increased  its  effective  effort  and  willingly  improved 
its  output  with  a  view  to  earning  higher  wages  but  that  supervision 
had  taken  on  a  different  outlook  on  the  whole  problem  of  labour 
productivity  and  utiUzation. 

Although  the  incentive  system,  as  far  as  mine  labour  was  con- 
cerned, feU  into  disuse  in  1942  for  the  reasons  stated,  the  Study 
Department  was  maintained  and  became  more  an  organization  for 
carrying  out  tests  and  for  measuring  the  efficacy  of  various  systems 
of  mining  than  for  the  application  of  labour  on  incentive.  It 
continued  to  investigate  the  reasons  for  any  deterioration  in 
efficiency  and  to  advise  the  mine  executive  of  any  factors  inter^ 
fering  with  efficient  work,  and  was  also  responsible  to  the  manager 
for  all  control  statistics. 

Personnel 

The  distribution  of  labour  at  the  end  of  1940  is  shown  in  TaMe 
XXHL 

Staff  consisted  of  six  British  engineers,  22  Portuguese  engineers 
teid  anrifiant  engineers,  together  with  75  office,  stores,  timekeeping. 
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Und  medical  personnel.  Administration  is  divided  into: 
and  conmiercial  seotions,  each  with  its  superintendent  under  the 
manager.  The  superintendent  of  the  former  is  the  engineer  in 
eharge  of  the  Study  Department  and  statifttics. 

Table  XXHI 
DiSTBiBunoK  ow  Laboub,  1940/41  « 

Mining 2,070 

Ropeway 34 

Milling 291 

Shops    239 

Surface  and  maintenance 233 

Guards 18 

2,885 

C0BT8 

The  distribution  of  operating  costs  for  the  financial  year  1940/41 
k  shown  in  Table  XXIV. 

Table  XXIV 

DwrBiBXTTiov  OF  Ofbbatino  Ck>8T8,   1940/41 

Per  omU  .> 

Mining: 

Sloping..... 50-3 

Development  12*1 

Mining 18-0 

Ropeway 1*8 

Overheads    »17-8 

1000 

Taxation  and  Export  Duties. — l^axation  in  respect  of  labour, 
covering  unemployment  and  family  allowance,  represents  7  per 
cent  of  the  total  payroll,  or  8  per  cent  of  total  operating  costs. 
The  mining  tax  consists  of  a  nominal  tax  on  the  area  of  the  con- 
cessions and  a  2*6  per  cent  tax  on  the  value  of  concentrates  pro- 
duced. Total  local  taxation  amounts,  therefore,  to  about  8*2  per 
cent  of  total  operating  costs  ;  this  is  additional  to  British  taxation. 
On  the  other  hand  there  are  the  export  duties,  which,  as  earher 
stated,  convert  this  low-cost  producer  into  an  expensive  source  of 
wolfram  imported. 

Welfare  Section 
As  previously  mentioned,  one  of  the  company's  dilhculties  was 
that  of  obtaining  a  stable  labour  force.  In  1984  accommodatioD 
was  hmited  to  seven  staff  bouses,  98  married  quarters  for  workmen, 
and  bunkhouse  accommodation  for  560  single  men.  The  maJMity 
of  the  labour  force  was  drawn  from,  the  surrounding  idllages  and 
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ab8eMeeiffl)).«m6ux)ted  to  ov^  80  per  oenti  especially  during  periods 
of  agticuHural  activity,  bad  weather,  and  at  wieek-ends.  Added  to 
this,  the  average  distance  covered  daily  by  the  men  walking  to 
and  from  work  was  as  much  as  15  kilometres. 

By  1988  housing  accommodation  had  been  increased  by  the 
construction  of  an  extra  eight  staff  houses,  274  married  workmen's 
quarters,  and  bunkhouse  accommodation  for  800  men.  It  was  not^ 
however,  until  the  majority  of  the  local  population  left  the  com<> 
pany's  service  to  work  as  tributers  that  it  was  found  of  urgent 
necessity  to  construct  sufficient  houses  for  the  large  majority  of 
company's  employees  who  were  recruited  from  distant  parts.  The 
difficulty  was  overcome  by  the  construction  of  temporary  wooden 
bunkhouses  for  single  men  and  by  increasing  the  permanent 
accommodation  for  staff  and  labour.  By  1948  the  total  accom- 
modation, including  temporary  bunkhouses,  amounted  to  : 

Staff  quarters     Married    .'..  44 

Single  30 

Workmen's  quarters Married    660 

Single  1,482 

Some  of  the  married  (juarters  were  used  for  single  men,  and  in 
October,  1948,  a  total  of  5,251  persons  was  living  on  the  property, 
8,586  of  whom  were  company's  employees,  the  remainder  com- 
prising women  and  children. 

Social  amenities  have  been  improved  and  the  company's  policy 
has  been  one  of  creating  a  mining  tradition  and  a  stable  population 
by  encouraging  permanent  settlement  of  families  in  company- 
owned  houses.  Preference  of  employment  is  given  to  the  sons  of 
men  living  on  the  property.  Schools  have  been  built  in  all  sections 
and  are  nm  under  State  control.  Wash-houses  are  also  provided. 
The  cultivation  of  vegetable  gardens  has  been  encouraged  and  a 
total  of  some  12  acres  of  company-owned  land  has  been  allocated 
for  this  purpose. 

A  welfare  officer  is  employed  to  deal  with  all  labour  questions^ 
including  the  allocation  of  housing  accommodation,  ration  cards 
(a  war-time  measure),  canteens,  sanitation,  etc.  Record  cards  are 
kept  showing  details  of  employees  and  families  and  monthly 
attendance. 

Medical  Services. — All  employees  are  by  law  insured  against 
accidents,  and  these,  together  with  the  general  health  of  the 
communitv,  have  since  1986  been  taken  care  of  bv  a  resident 
doctor.  A  part-time  doctor  also  assisted  and  a  second  permaneoft 
assistant  was  added  in  1948.     Before  the  new  hospital  was  eon» 
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strucled.  two  aiuall  temporary  hoBpitaU  dealt  only  with  sickness 
and  minor  accideDts,  Bfirious  nccidentii  b^iug  seut  to  Liaboii. 
Three  first-aid  posts  and  a  fully -equipped  hospital  are  now  nvail- 
itble-  The  latter  haFt  ncconimodatiiMi  for  a  minimom  of  40  porsoiw 
and  includes  an  X-ray  apparatus,  operating  theatrn  and  all  up-to- 
date  medical  equipment.  The  doctors"  services  are  supplied  wilh- 
ont  charge  to  all  employmts  and  their  families  living  Ln  company's 
hooseB.  All  men  are  medically  examined  before  entering  the 
eompany's  service  and  their  record  of  accidents  i«  registcrod. 
Table  XXV  shows  ntatiaticB  for  the  year  1948/44,  The  death  rat* 
dne  to  ftccidents'over  the  last  fivB  years  has  averaged  one  death  pw 
S84.(M)0  shifts  worked. 

Tahle  XXV 

AOCIDEST    AND     SlCK!IES8    STATISTICS.     194:1/44 

Numbier  of  acuidents  in^-olviiig  the  Iurb  of  oup  or  more  dayn  ; 

Underground   35T 

Surfaco     182 

—  4»» 

Total  lOBH  of  days  due  to  occidimts 9.000 

Accidents  not  mvolvind  the  loaa  of  days    10,419 

Hospital  cjuiea  traatad  : 

Siokiiem    «3« 


Patients  treated  other  than  aocident  cases    10.268 

Aeeidenlt  : 

Days  lost  per  1,000  shifla  worked    4-88 

Aooidents  (involving  the  lov  of  daya)  per  1,000  shifts 

worked O-S* 

Canteens. — During  the  war,  when  most  items  of  food  were  soaroe, 
the  company  organized  and  subsidized  canteens  in  each  of  the 
three  sections,  principally  for  the  use  of  bachelors.  During  the 
financial  year  194S/44,  1,000  soups,  300  meals,  900  bread  tioketa, 
lutd  500  wine  tickets  were  supplied  per  day.  The  average  cost  of 
a  complete  meal  represented  aboat  15  per  cent  of  the  average 
daily  wage  earned. 

Provision  stores  have  been  boilt  and  are  run  on  a  non-protit 
baeis,  with  a  maximum  monthly  turnover  of  over  £10,000.  Staple 
food  sapplies  were  BobsidiEed  during  the  war  period. 

Becreation. — Clubs  for  all  employees  are  provided  in  the  thre« 
sections  and  there  ia  also  a  cinema  with  a  seatii^  capacity  for  600. 
These  are  run  by  employees,  expenses  being  met  by  sutfflcriptitMU 
«nd  dub  jm^ta. 
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Active  sports  are  encouraged  and  amenities  indade  three  football 
grounds,  skating  rink,  swimming  pool,  clay-pigeon  shooting  pitches, 
basket-ball,  and  a  staff  tennis  court.  Inter-section  competition  is 
keen.  No  village  or  community  is  complete  without  its  band ; 
that  at  Panasqueira  ran  a  popular  and  financially  successful  life 
until  1944. 

Church. — The  church,  situated  at  Panasqueira,  was  latterly 
enlarged  and  handed  over  to  the  Church  authorities,  and  there  is  a 
resident  CathoUc  priest,  to  whose  stipend  the  company  contributes. 

Fire-Fighting  Services. — The  company  maintains  a  voluntary  fire 
brigade  equipped  with  a  mobile  motor-driven  pump  and  comple- 
mentary equipment.  High-pressure  water  points  or  water  tanks 
are  available  throughout  the  main  centres  of  population  and 
industrial  buildings. 
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AUTHOR'S  REPLY  TO  DISCUSSION* 

ON 

Notes  on  the  Development  of  the  Blyvooruitzicht  Gold 
Mining  Company  Limited,  South  Africa. 

By  A.  Savile  Davis,  Meml)er, 

Mr.  A.  Savile  Davis :  I  would  like  to  express  my  th&nks  to 
Dr.  F.  E.  Keep,  who  presented  the  paper,  and  to  those  members 
who  contributed  to  the  discussion. 

In  reply  to  Mr.  Hodgson  :  Sludge  is  pumped  to  a  small  sump  at 
the  8,0(X)-ft.  intermediate  station  and  from  there  to  the  surface 
by  a  second  three-throw  pump.    The  separate  column  is  now  being 
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Fio.  4. — Standard  bum  round,  8  ft.  x  8  ft.,  30  holes  (Blyvooruitsicht 
Gold  Mining  Co.,  Ltd.) 

Cut  holes  are  timed  singly  and  only  the  first  one  requires  to  be  fully 
charged.  Easers  are  collared  27  in.  from  the  centre  line  and  finish 
not  nearer  than  21  in.  from  it.  Bars  are  rigged  not  less  than  2  ft.  6  in. 
apart.  It  is  possible  in  some  cases  to  reduce  the  number  of  unt^harge^l 
holes  from  5  to  4.     Shorter  jumpers  are  used  for  out  holes. 

^BuU.  477,  March,  1946. 
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Bv  Bria?V  Llkw^llyk,  Metfiber, 

•  '  "  ■•  •  '  '  ■     ' » » « ' 


Mr.  Robert  A.  Mackay:  Mr.  Llewellyn*B  factual  paper  has 
teen  greeted  by  a  number  of  tih-inining  engineers  of  Cornish 
experience  with  whom  I  have  come  into  contact  abroad  as  a  paper 
that  has  long  needed  writing. 

On  the  economic  side  his  stress  for  the  need  of  amalgamation, 
or  at  least  of  joint  air,  wat^r,  and  exploration  plans,  leaves  no 
room  for  disagreement.  Alternatively,  these  mines  must  die 
before  they  need.  There  is,  however,  one  point  on  which  I  would 
hke  to  suggest  a  modificatipii  of  Mr.  Llewellyn's  views.  He 
stresses  the  well-known  control  of  miueraiiKation  bv  the  killas- 
granite  contact.  This  is  an  incontrovertible  association,  which 
has  been  accepted  by  most  geologists  of  the  past  to  be  due  to 
direct  derivation  from  the  granite.  However,  according  to  •  a 
number  of  recent  workers,  it  is  a  structural  association  (^)  (•)  Of, 
the  mineralizing  solutions  having  used  tlie  same  general  channels 
as  the  invading  solutions,  which,  together  with  heat,  bad  converted 
the  pre-existing  rocks  to  grfinite  (*).  The  granitizing  and  mineral- 
izing solutions  may  have  had  the  same  sou  tee,  as  well  as  using  the 
same  routes. 

Mr.  Llewellyn  has  given  a  most  valuable  statistical  interpretation 
to  the  position  of  the  Cu,  W,  and  Sn  zones  with  reepeot  tof  this 
contact  and  he  very  rightly  makes  clear  that  the  relation  of  any 
point  in  this  series  to  the  surface  is  quite  imuiaterial,  except  for 
the  supergene  migration.  He  does,  however,  seem  to  omit  a  factor. 
Whether  the  older  or  newer  theory  be  correct,  the  positiob  of  the 
lode  relative  to  the  top  of  the  granite,  now  eroded  away^  ik  nearly 
as  important  as  the  lode^s  relati()n  to  the  contact.  In  the  oase  of 
the  older  theory,  this  is  because  it  is  farther  from  the  tap  of.  the 
cupola  (•),  in  the  case  of  the  latter  either t^by:  lieason  of  the  location 
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of  chttttiiels  0,  lit  the  tendency  ol  &  solution  to  rise  wrthin  a 
structure  (*),  before  passiiif;  from  the  brittle  granite  to  the  semi- 
pprviouB  killae  C). 

Ill,  pither  caae ,  but  less  so  in  the  latter,  the  farther  down  in  depth 
the  greater  the  diiitance  from  the  top  of  the  granite  and,  therefore, 
the  less  the  probabihty  of  strong  mineralization. 

There  is  no  reaaoii  to  expect  tfaig  change  to  be  sudduu,  however, 
and  Mr.  Llewell.vn's  reooinnieodationti  are  therefore  by  no  mean» 
eontra -indicated.  TliiB  aspect  should,  however,  be  borne  in  mind 
when  planning  an  exploration  and  development  campaign  in  depth. 
For  example,  there  is  a  distinct  likelihood  that  the  total  distanoe 
from  the  Cu  to  Sn  loue  within  a  lode,  and  the  depths  of  the  latter, 
will  tend  to  be  somewhat  less.  Perhaps  Mr.  Llewellyn  can  t*Il  us 
if  his  data  go  tar  enough  to  say  whether  this  is  yet  apparent. 

In  particular  this  conception  calls  for  a  greater  proportion  of 
dianiond  drilling,  preferably  from  underground  set-ups,  to  investi- 
gate the  conditions  ahead  hefore  exploration  by  driving  k 
undertaken. 

(»)  Locke.  A.     Oranit?  Bud  ore.     Rcon.  Oral.,  vol.  36.  1941,  p.  44B. 

(•)  White,  C.  H.     The  HbvHBal  vsrsuB  the  mogtnatic  theolT  of  ore  geaetie. 

Econ.  Oatl.,  vol.  40.  1945,  p.  38. 
(»)M*iK,\v,     R,     .A.       Th"    .viiitriil    or     iTiipnuiKliiifi     BlruclurM     on     tm 

.i.-p.>- IIP.      !■><.'„.  r.nl..  vol.  41.  !!l+6.  p.  34. 

(*}  Rbadk,  H.  H.     Heditatioiui  on  granits.     Proe.  GeoL  An.,  \-aU.  54  and 

5.^,  1643  and  1944,  pp.  04-85  and  46-93  leopaclively. 
{*}  Emmons.  W.  H.     Relations  of  metalliferous  lode  syatems  to  igneoiw 

mtruaiveg,      Traru.  A.I.M.E.,  vol.  74,  1926,  pp.  29-70. 
{■}  Newhovse,   W.  H.     Some  relations  of  ore  depofiita  to  fidded  rodo. 

Trafu.  A.I.M,E.,  voL  96,  1931,  p.  22S. 
(*)  Uackay,  R.  a.,  loc.  cU.,  p.  24. 

AUTHOR'S  REPLY  TO  DISCUSSION* 
Mr.  Brian  tiewrilyn :  Ut.  Robert  Annan  has  raised  the 
points  of  the  increased  cost  of  working  and  the  yield  of  the  Me 
expected  to  be  dev^oped.  In  regard  to  the  first,  stattatics  vioaU 
appear  to  show  that  the  trend  of  tin  prices  has  been  atefuUly 
upward  since  the  bc^ning  of  the  century,  in  spit«  of  low-cott 
alluvit^  production  and  without  taking  into  acoonnt  exeeptioatl 
periods  of  scarcity  during  war  yean.  It  seems  likely,  iberefofc, 
that  nsiDg  metal  prices  will  keep  paG«  with  increase  in  working 
costs.  As  to  yield :  I  should  expect  this  to  imprOTo  vb«o 
operations  are  limited  to  the  more  favourable  depth  zones,  although 
•BiM.  479.  July.  1»4«.   ' 


ZOKBS  IN  PART  Of!  CABN  BRBA  AREA,  CORNWAX4L — ^RfiPLY.      6 

I  do  not  expect  any  future  average  yield  in  depth  to  equal  the 
hi|^  yields  (up  to  40  lb.  black  tin  per  ton)  whieh  were  got  {ram 
the  Doteoath  Main  lode  and  other  lodee  in  close  proximity  to  the 
granite  outcrop. 

The  lateral  extent  to  which  tin  ore  will  persist  in  the  granite 
would  seem  to  depend  upon  structural  control — by  faulting  and 
oroBS-fissuring  of  the  ore  feeder  channels — and  can  only  be  deter- 
mined by  underground  exploration.  Information  on  this  point 
is  quite  inadequate  and  my  comment  is  that  in  the  past  it  would 
have  to  be  a  rich  prite  indeed  to  compensate  for  the  difficulty 
and  expense  of  hauling  and  pumping  through  deep  inclined  shafts, 
frequently  crooked. 

Mr.  Thomas  Pryor  is  correct  in  his  statement  that  '  Old  Tom's 
lode ',  or  the  easterly  extension  of  Beeve's  lode,  has  been  unpro- 
ductive of  tin  in  the  East  Pool  mine.  It  has  also  been  generally 
of  narrow  width  and  is  believed  by  the  auth(»r  here  to  occupy  a 
fittmre  partly  sealed  (by  torsional  movement  ?)  between  two 
feeder  channels  in  the  North  Grofty  and  Bamcoose  mines.  It  is 
significant  that  this  lode  is  eommonly  loaded  with  fluorspar  and 
i%  quite  possibly  contains  tin  at  greater  depth.  It  is  perhaps 
unfortunate  that  the  past  production  from  the  workings  on  this 
qaunter  lode  was  included  in  the  tables,  when  computing  the 
potential  tin  ore  awaiting  exploration.  If,  however,  this  pro- 
duction is  omitted,  the  picture  drawn  is  only  slightly  faded  and 
the  discovery  in  depth  of  a  few  important  orebbdies  would  restore 
the  shade ! 

It  is  true  that  the  Dolcoath  Main  lode,  the  Engine  lode  of  East 
Pool,  and  the  Great  Flat  lode  were  all  south  dippers  and  were 
more  productive  than  any  of  the  north-dipping  lodes,  but  is  the 
reason  not  to  be  sought  in  their  flanking  positions  relative  to  the 
granite  boss  ?  I  agree  that  the  rule  of  the  stronger  character  of 
the  north-dipping  lodes  now  has  many  exceptions  in  deepef 
development. 

The  author  hopes  to  be  forgiven  for  omitting  to  include  additional 
plans  at  shallower  depths  and ,  supplementary  cross  sections :  his 
excuse  is  that  he  did  so  for  the  sake  of  clarity.  The  faulting  of 
the  various  north  dippers  by  lodes  dipping  south  is  somewhat 
confusing,  especially  as  the  sections  would  have  to  be  drawn  to  a 
gmall  scale.  In  the  author's  view  the  plan  presented  (Plate  II) 
was  sufficiently  complex  and  this  was  reduced  from  a  plan  origin^ 
ally  drawn  to  twice  the  scale.  I  am  sure  that  all  members  will 
agree  that  the  construction  of  the  new  mine  model  at  South  Crofty 
is  a  progressive  step,  and  there  ia  no  doubt  that  this  will  facilitate 
an  understanding  of  the  geological  structure  of  the  Ipdes, 
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^  iir.  H.  G.  Dinef)  contends  that  the  slope  of  the  tin  zone  is  much 
ffitter  than  the  slope  of  the  granite-killaB  contact.  With  speoia! 
reference  to  the  cross-section  through  Dolcoath  and  Boskear 
(Fig.  7)t  I  should  like  to  ask  him  whether  he  has  sufficient  proof 
that  the  cause  of  the  flattening  of  the  top  of  the  tin  zone  is 
solely  the  settling  down  of  the  isotherms,  as  propounded  by 
liim^  and  not  the  dose  proximity  to  the  elvans  of  the  only  lodes> 
explored  in  depth.  Attention  was  drawn  to  this  influence  under 
the  heading  of  *  Productiveness  of  Lodes '  on  page  8  of  the  paper* 
Is  it  not  speculative  to  attempt  to  delineate  precisely  any  upper 
limit  to  the  tin  ssone  with  the  scanty  information  available  of  the 
northern  part  of  the  area  ?  It  is  also  worthy  of  note  that  tin  ore- 
occurred  in  the  upper  parts  of  the  lodes  at  the  western  end  of 
North  Roskear  mine  onl}'  a  short  distance  from  the  line  of  the 
section.  I  agree  with  Mr.  Dines's  general  assumption  of  a  some^ 
what  flatter  slope  of  the  tin  zone  than  the  granite  surface,  but  I 
also  think  that  from  a  broad  viewpoint  and  with  due  allowance, 
for  a  probable  upward  roll  of  the  granite  at  greater  depth  the  twa 
slopes  will  eventtially  prove  to  be  substantially  parallel. 

In  referring  to  the  greenstone  having  been  penetrated  in  South 
Roskekr  Mr.  Dines  has  ihis-read  my  pap^r,  in  which,  on  page  11, 
redrew.  A  di^inction  between  the  northern  part  of  the  area  and 
those  to  the  XW.  and  N.E. 

.  ^(r.  Dines  does  not  make  himself  quite  clear  as  to  the  exact  loci 
of  the  emanative  centres  and  I  should  like  to  ask  him  if  he  considers 
that  these  are  in  any  way  connected  with  the  junctions  of  lode 
systems.,  ^fy  thanks  are  due  to  this  speaker  for  producing  the 
cross-sections,  which  provide  a  valuable  supplement  to  the 
discussion. 

T  wish  to  (Express  my  thanks  to  Mr.  Gilbert  McPherson  for 
pointing'  out  a  printer's  (Tror — *  granite-killas  contact  '  was 
intended.  1  am  j)leased  that  he  referred  to  the  lenticular  nature 
of  tin  ore-shoots,  which  1  liad  omitted  to  emphasize,  for  it  is 
im|)(>rtant  to  a])])n'ciatc  the  iutlucnce  of  undulations  on  the  width 
of  lode  fissures. 

.Mr.  J.  Hv  Trouusoii  criticizes  the  author's  correlation  of  lodes 
presented  in  Table  1  on  the  ground  tliat  the  different  lodes  are  not 
of  distinct  appearance.  Jn  tlie  past  claims  were  frequently  made 
that  a  particular  lode  could  be  readily  distinguished  and  this  might 
well  1)«'  the  cas(<  in  a  particular  locality,  where  a  lost  lode  was 
recognized  by  such  features  as  width,  dip,  and  mineral  composition^ 
l>ut  in  tin  lodes  wIkm'c  fhr  cojupcjsition  is  so  largely  a  matter  of 
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the  depth  zone  and  may  change  rapidly  in  qoite  a  short  diBtanoe^ 
while  the  width  is  governed  by  structural  peculiarities,  it  would 
indeed  be  remarkable  if  recognition  by  such  means  were  possible 
over  a  considerable  length  of  strike,  v/ntess  the  strike  were  paraUel 
to  the  grcm%te'kill€»  contact  and  there  were  little  or  no  fauUvng,  Such 
conditions  are  rarely  met  with  and  the  author  prefers  to  rely 
rather  upon  determination  of  position  and  course  of  a  particular 
iissure,  being  of  the  opinion  that  a  fissure  wiU  maintain  its  general 
direction  in  an  inelastic  rock  until  it  is  disturbed  by  faulting  or 
folding,  in  which  case  that  direction  will  be  subjected  to  local 
alteration.  The  author  agrees  with  Mr.  Trounson  that  there  are 
big  possibilities  in  Zone  B,  but  he  did  not  emphasize  the  south- 
dipping  lodes  of  the  Dolcoath-Cam  Brea  series  or  the  Entral  lode« 
on  account  of  their  relative  inacoessibihty  at  present. 

'  No  mention  was  made  of  the  *  Complex  'lode  in  South  Orofty 
mine,  as  the  author  considered  it  to  be  an  example  of  the  kind 
of  phenomenal  mineral  association  which  upsets  preconceived 
theory,  adds  zest  to  the  exploration  of  tin  deposits  in  depth,  and 
demonstrates  the  importance  of  the  close  study  of  structural 
control.    The  subject  is  beyond  the  scope  of  the  paper. 

Dr.  W.  R.  Jones's  far-sighted  contribution  is  especially  welcome 
at  the  present  time,  when  the  tendency  is  generally  towards  a 
short-tenn  policy  with  a  disregard  of  the  future. 

The  author  also  wishes  to  thank  Mr.  J.  C.  Allan  for  his  shrewd 
observations,  with  T^^iieh  he  is  in  general  agreement,  and  to  add 
that  the  figure  of  60  per  cent  tin  extraction  was  assumed  by  him 
in  his  calculations  whenever  it  was  not  possible  to  deduce  this 
precisely. 

•  In  reply  to  the  President 'r  remarks  on  pumping  the  author 
agrees  that  iifiore  might  havf^  been  said  on  this  subject,  but  would 
excuse  himself  on  the  ground  that  the  main  object  of  his  paper 
was  to  outline  the  ore-finding  possibilities.  The  question  of 
adequate  pumping  is.  of  coiirse.  of  paramoimt  importance  when 
planning  any  increase  in  the  scale  of  mining  operations  in  an  area 
containing  so  many  abandoned  mines  and  it  is  becoming  increas- 
iiigly  evident  that  a  sun'ey  of  all  old  adit  drainage  systems  is 
vitally  necessary'.  Mr.  C.  V.  Paull  has  now  covered  most  of  this 
ground  and  presented  some  very  interesting  figures,  having  gone 
very  thoroughly  into  the  factor  of  the  saving  of  manpower  by  the 
Dhangeover  to  electrical  pumping.  The  author  would  add  that 
the  present  prohibitive  cost  of  coal  has  now  introduced  another 
^md  a  dominating  factor  in  favour  of  electrical  pumping — that  is, 
the  economy  to  be  obtained  by  the  centralization  of  electric  powjnt. 
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with  its  attendant  reduction  in  ooal  transport  costs,  which  appeal^ 
to  outweigh  the  high  efficiency  of  the  Cornish  pumping  engine. 

As  regards  diamond  drilling,  Cornish  tin  lodes  may  be  boih 
friable  and  fissured,  particularly  those  with  a  chloritie  matrix, 
and  the  author  has  observed  many  instances  where  it  would  be 
impossible  to  obtain  either  core  or  sludge  recover}'  which  would 
provide  any  reliable  indication  of  lode  values. 
:  In  reply  to  Mr.  Maurice  Gregory  :  Evidence  of  lode  characteristics 
in  depth  is  naturally  lacking,  for  deep  mining  was  mainly  eonfined 
to  the  strongest  lodes  on  the  inunediate  flanks  of  the  granite  bosses 
T-^for  economic  reasons.  With  setts  usuallv  limited  in  extent  it 
would  rarely  have  been  profitable  to  work  one  or  two  lodes  only 
in  depth  in  an  outlying  area.  Courage  and  big  capit^al  are  now 
required  to  do  this  exploration  in  depth  on  the  larger  scale  necessaiy 
for  eeoiK)miG  working.  Such  an  imdertaking,  if  commenced  from 
surface  in  almost  unknown  country,  would  most  c^ainly  be 
speculative.  If,  on  the  other  hand,  it  is  approached  systematically 
from  existing  workings  at  moderate  depth  in  the  manner  briefly 
outlined  by  the  author,  the  requisite  caution  is  provided.  To  the 
old  Cornish  miner*8  saying  *  Where  it  is,  there  it  is ! '  may  be  added 
another  :  *  If  you  don't  look  for  it,  you  won't  find  it  I ' 

I  find  it  difficult  to  reply  as  precisely  as  I  would  wish  to  the 
question  put  by  Mr.  J.  B.  Richardson,  for  any  forecast  of  future 
mining  and  niilliiig  casts  must  depend  upon  factors  largely 
unknown  at  present — such  as  labour,  power,  and  machinery  costs, 
apart  from  the  most  economical  rate  of  production.  The  latter 
can  only  be  arrived  at  after  further  exploration  lias  given  some 
indication  of  grades  and  tonnages  of  ore  to  be  blocked  out.  It 
seems  reasonable  to  expect  that  working  costs  can  be  reduced  to 
85s.  Od.  per  ton  on  a  medium  tonnage  of,  say,  600  tons  a  day, 
with  mining  costs  17s.  Od.  per  ton,  development  5s.  Od.,  and 
ore  treatment  lOs.  Od.  per  ton,  and  it  should  be  possible  by  selective 
mining  to  maintain  a  grade  of  25  lb.  black  tin  per  ton.  Thi» 
grade  should,  in  the  author's  opinion,  be  the  target. 

Mr,  R.  A.  ^lackav's  contribution  is  full  of  interest,  but  1  would 
point  out  that  it  was  not  (Jiie  of  my  objects  to  deal  Avith  the  origin 
of  cassiterite  deposits,  a  contn)versiul  subject  which  itself  would 
require  more  pages  of  the  Bulletin  than  the  whole  of  my  paper. 
I  agree  with  him  that  some  authorities  consider  that  many  granite? 
were  formed  fn^m  pre-existincr  rocks  bv  invading  solutions  and 
not  by  consohdation  from  magma,  but  he  will  also  agree  with  me 
that  many  authorities  do  not  accept  the  theory  of  granitizatiou. 
Even  the  most  ardent  supporters  of  the  last-named  theory  have 
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not,  however,  suggested  that  cassiterite-bearing  veins  of  quartz, 
quartz-porphyry,  aplites,  and  pegmatites,  which  traverse  rocks  of 
different  types  (even  limestones  in  some  countries),  have  been 
formed  by  changes  in  the  rocks  through  which  they  traverse.  I 
agree  that  structure  is  a  most  important  factor  in  the  control  of 
mineralization  and  that  is  why  I  stressed  in  the  paper  the  import- 
ance of  the  careful  location  of  the  position  of  the  granite  contact 
in  relation  to  the  killas.  With  regard  to  Mr.  Mackay's  statement, 
with  which  I  agree,  that  the  position  of  the  lode  relative  to  the  top 
of  the  granite  is  of  importance,  I  would  add  that  it  is  a  matter  to 
which  I  gave  great  attention  in  coming  to  my  conclusions.  Mr. 
Mackay  has  recently  advanced  an  interesting  theory  concerning 
ore  deposition,  but  it  is  a  subject  beyond  the  scope  of  the  present 
paper. 

Several  speakers  have  criticized  the  author's  rough  estimate  of 
£50,000,000  as  the  potential  value  of  tin  ore  awaiting  develop- 
ment. It  is,  of  course,  quite  impossible  to  attempt  an  accurate 
forecast  of  the  value  without  a  convenient  yardstick  and  the 
author  would  point  out  that  this  figure  was  presented  solely  with 
the  object  of  drawing  a  mental  picture  of  the  possibilities  in  the 
light  of  past  experience.  It  is  admitted  that  the  tendency  in  the 
past  was  to  mine  more  selectively  to  a  higher  grade  and  this  makes 
comparison  all  the  more  difficult.  At  the  same  time  the  figure 
given  is  not  so  fantastic  as  may  at  first  sight  appear.  Five  or  six 
tin  lodes  one  fathom  in  width,  of  a  25-lb.  grade,  and  worked  to  a 
depth  of  200  fathoms  over  the  length  of  the  area  with  a  50  per 
cent  payability  ratio  would  be  worth  this  amount  of  money  at 
less  than  the  present  tin  metal  price.  I  submit  that  the  chance 
of  such  a  discovery  is  a  very  reasonable  mining  risk. 

In  conclusion  I  wish  to  express  my  thanks  to  all  those  who  have 
taken  part  in  the  discussion  of  the  paper  and  have  added  to  its 
value  by  their  suggestions  and  contributions. 
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DISCUSSION   IN  JOHANNESBURG 

ON 

Crushing  and  Grinding  Efficiencies.* 

By  T.  K.  Pbentige,  Member. 

(Note. — This  Paper  was  also  presented  at  a  General  Meeting  of  the 
Chemical,  Metallurgical  and  Mining  Society  of  South  Africa  hdd  on 
27th  February,  1946,  and  the  following  is  an  abridged  report  of  the 
discussion  at  that  Meeting.) 

.  Dr.  J.  T.  Mclntyre  (President  of  the  Society)  said  the  new 
ground  broken  by  Mr.  Prentice  in  his  stimulating  paper  had,  in  all 
senses  of  the  word,  been  very  extensive,  and  he  was  sure  they  had 
all  profited  by  listening  to  his  lucid  description  of  these  most  inter- 
esting experiments.  There  was  a  wealth  of  data  in  his  paper  which 
lyould  be  found  of  great  assistance  to  future  research. 

.  ^Ir.  Prentice  had  been  very  careful  to  give  all  the  detailed  data 
from  which  his  conclusions  were  drawn  so  that  others  might  in  the 
light  of  their  experience  amplify  or  suggest  other  interpretations  on 
iiie  figures  stated.  His  own  experience  in  comminution  of  rock 
experiments  had  been  that  the  results  obtained  could  be  widely 
variable.  They  had  found  as  a  tentative  result  in  rock  drilling  that 
the  average  size  of  the  sludge  particles  decreased  (which  meant  the 
surface  area  increased)  with  increased  drilling  speed.  This  implied 
that  the  apparent  efficiency  ratio  of  rock  comminution  from  slow  to 
fast  drilling  was  changing  by  a  matter  of  many  times  over.  In 
drilling  as  distinct  from  milling,  however,  it  was  not  their  wish  to 
produce  a  lot  of  fines,  but  rather  to  punch  a  hole  through  the  solid 
rock  in  situ  with  the  minimum  amount  of  energy. 

He  was  also  reminded  of  the  Izod  impact  test  on  steels,  which 
could  give  very  different  results  for  the  foot-pounds  of  work 
required  to  fracture  the  same  type  of  steel  depending  upon  its 
previous  history,  particularly  as  regards  heat  treatment.  Was  it 
a  far  cry  to  suggest  that  they  gave  the  reef  some  form  of  heat 
treatment  before  attempting  to  crush  it  to  the  desired  fineness  for 

extraction  of  the  gold  ? 

• 

.  Mr.  Andrew  King  said  the  author  submitted  the  results  of  a 
large  amount  of  detailed  work  in  a  dear  and  concise,  form ;   the 

*BuU.  477,  March,  1946. 
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paper  was  one  which  would  receive  much  widespread  attention,  not 
only  in  the  metallurgical  world,  but  in  other  industries  where  fine 
grinding  was  an  important  operation. 

It  was  of  importance  to  note  that  the  eflficiency  figures  for 
cnishing  and  grinding  units  which  the  author  had  arrived  at,  using 
Eittinger's  law,  were  much  nearer  ^yhat  would  be  expected  than  the 
corresponding  figures  iising  Kick's  law.  Gross,  who  carried  out  a 
thorough  investigation  on  behalf  of  the  United  States  Bureau  of 
Mines  and  other  Institutions,  in  summarizing  recent  work  on  sub- 
sieve  sizes  had  made  the  following  statement :  *  The  work  done  by 
the  Bureau  of  Mines  at  Salt  Lake  City  and  by  Martin,  in  which 
surface  determinations  of  the  crushed  materials  confirmed  the 
Bittinger  law,  would  seem  to  be  final  *.* 

General  statements  had  frequently  been  made  that  in  grinding 
to  a  certain  sieve  size  a  large  amount  of  over-grinding  took  place 
with  consequent  waste  of  power,  etc.  As  the  author  had  pointed 
out  these  statements  generally  applied  to  flotation  plants,  where  a 
sUme-free  product  was  usually  preferred  and  where  over-grinding 
frequently  resulted  in  decreased  mineral  recovery.  So  far  as  the 
Witwatersrand  was  concerned,  however,  it  had  to  be  remembered 
tliat  in  modem  plants  the  aim  usually  was  to  grind  a  large  pro- 
portion of  the  pyritic  portion  of  the  ore  to  minus  325-mesh  and 
comparisons  on  one  mine  seemed  to  show  that,  where  classification 
permitted  of  this  being  done,  some  appreciable  improvement  in 
residue  value  could  be  obtained. 

All  investigation  of  the  number  and  size  of  fine  particles  produced 
indicated,  however,  that  a  very  large  proportion  of  the  new  surface 
area  was  in  the  minus  20- micron  size  and  it  would  appear,  therefore, 
that  much  useless  work  and  over-grinding  was  being  done  ;  from 
that  point  of  view,  further  shortening  of  mills  and  more  classi- 
fication seeinod  to  be  indicated,  and  consequently  it  would  be 
necessary  to  satisfy  themselves  that,  in  their  modern  plants,  they 
had  arrived  at  a  suitable  compromise. 

Ill  connection  with  the  percentage  of  total  power  input  which 
was  available  for  grinding  in  large  cylindrical  mills  the  obser\^ations 
shown  in  Table  XXIV  were  made  at  the  Venterspost  reduction 
plant  with  the  assistance  of  the  electrical  engineering  staff. 

Th(^  percentages  of  full  power  lost  in  driving  the  empty  mills, 
although  somewhat  lower,  were  in  general  agreement  with  those 
given  in  Table  XXI  of  the  paper.  It  would  appear,  however, 
that  additional  allowance  must  be  made  for  losses  in  bearing 
friction  due  to  the  weight  of  the  grinding  load  and  pulp  ;   in  other 
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words,  the  power  required  to  revolve  the  *  dead  load '  of  the  mill 
was  not  consumed  in  grinding.  To  some  extent  this  appeared  to 
have  been  the  view  of  Gross  and  others  who  carried  out  work  from 
the  United  States  Bureau  of  Mines.* 

Table  XXR^ 


0  1  I     ■ . . 

Primary  ball-mill  (9  ft.  diameter  by  10  ft. 
long),  equipped  with  double  helical 
tipur  and  pinion,  reduction  gear,  roller 
bearings  on  pinion  shaft,  and  oil- 
lubricated  trunnions. 

Full  load 

Motor  only 

Motor -f- Reduction  gear    

Mnt^r  1  +  Reduction  gear 

Motor  j  ^  Empty  mill  with  liners    

Secondary  tube-mill  (8  ft.  diameter  by 
16  ft.  long),  equipped  as  above  : — 

Full  load 

Motor  only 

Motor 4- Reduction  gear    

Motor  I  +  Reduction  gear 
"°^^l+EmptymiU  with  liners    


kW 


29S 

7-8 

lor, 

19-2 


h,p. 


173 
6-6 
81 

150 


399 
10-5 
141 


Percent 

offuU 

load 


PereerU 

OffuU 

load 

avail' 

able 


25 


•  i 


232 

8-8 

10-8 

201 


100 
2-63 
3-60 

6-45 


100 
3-80 
4*66 

8-67 


93-56 


91-S8 


Returning  to  the  Yenterspost  mills ;  it  was  estimated  from  calca* 
lations  of  average  load  that  the  additional  power  so  consumed  was 
2-8  per  cent,  or  11  h.p.,  for  the  ball-mill  and  2  per  cent,  or  4-6  h.p., 
for  the  tube-mill.  The  percentages  of  power  available  for  grinding 
then  became  90-8  and  89-3  respectively,  and  calculations  of  eflBi- 
ciencies  would  give  slightly  higher  results  on  account  of  the  lower 
percentages  of  power  available. 

Regarding  grinding  tests  and  calculations  of  new  surface  areas 
carried  out  for  one  ball-mill  or  tube-mill  in  a  large  plant,  the  diffi- 
culties encountered  in  making  tonnage  determinations  and  the 
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uncertainty  of  obtaining  reliable  samples  tended  to  throvir  a  little 
doubt  on  the  results  calculated  from  the  figures  obtained  ;  the 
thought  had  occurred  to  him,  therefore*,  that  where  griliding  units 
were  operated  separately,  those  tests  could  possibly  be  carried  out 
more  accurately  by  working  on  new  feed  tonnages  and  classifier 
overflow  grading  analysis  and  he  hoped  to  investigate  this 
possibility.      ' 

,  lilr.  F.  Wartenweiler  said  Mr.  Prentice  had  answered  the 
challeilge  of  low  mechanical  efficiency  in  their  crushing  and  grinding 
operations  and  deserved  their  gratitude.  He  had  checked  the 
findings  and  theories  of  other  investigators  in  the  theoretical  field 
and  had  formed  his  own  by  careful  laboratory  research  and  practical 
determinations  which  disclosed  original  thought  and  were  of  great 
value.  He  had  given  them  a  definite  basis  and  methods  on  which 
they  could  measure  their  miUing  efficiencies  in  more  concise  tenns 
than  they  had  had  heretofore. 

It  was  noted,  not  without  some  satisfaction,  that  the  efficiency 
of  the  main  working  units  of  milling,  given  at  82'8  per  cent  for  the 
gyratory  crusher,  34*7  per  cent  for  stamps,  and  28*4  per  cent  for 
cylindrical  mills,  was  an  apportioning  of  the  work  done  by  the 
modem  milling  plant  on  a  fairly  well-distributed  basis. 

On  observing  the  action  of  a  crusher  it  was  apparent  that  a  great 
deal  of  work  or  power  input  whicli  was  in  the  form  of  tMimpressioii 
was  used  to  ovcicoioe  elasticity.  j)articularly  with  a  schistose  rock 
and  shale,  and  to  overcome  cohesion  and  binding  power  of  crystal 
interfaces  with  a  crystalline  rock — such  as  banket  and  quartzite. 
One  was  impressed  with  this  visible  evidence  and  inclined  to  think 
that  the  crusher  performed  certain  work  whicli  was  not  nieasurablo 
because  actual  fracture  might  not  take  place  until  the  succeeding 
stage  and  that  therefore  it  did  not  receive  full  credit. 

It  was  pleasing  to  note  how  well  the  C'alifornian  stamp  batt-ery 
showed  up.  Agricola  would  feel  that  his  tine  effort  to  publicize 
the  stamping  machine  was  well  repaid.  This  uwk\Yard  and  seem- 
ingly unmecjianical  contrivance'  was  given  high  place. 

The  cylindrical  mill — under  which  came  the  pebble-mill  and  the 
ball-mill — had  th»'  more  dithcult  task,  inasmuch  as  it  dealt  with  the 
later  and  finer  stages  of  cunnnuuitioii  and  had  an  action  less  direct 
and  perhaps  more  of  \\\r  hit  or  miss  order  than  the  other  machines. 
In  studying  Table  111  its  task  senned  nearer  that  of  the  chain 
reaction  of  atom  smashing. 

Mr.  Prentice  had  stressed  that  bending  force  was  more  effective 
an  agent  in  communition  than  compri'ssion,  per  unit  of  forct- 
applied.     This  advantage  would,  no  doul>t.  be  studied  and  followed 
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up.  The  heavy  loss  of  power  by  transference  into  heat  was  awkward 
and  loft  a  large  field  for  investigation  and  invention.  In  sub-arotic 
winter  climates,  milling  plants  utilized  part  of  this  heat  for  main- 
taining tolerable  working  conditions  in  the  buildings.  One  would 
like  to  apply  it  in  assistuig  a  useful  concurrent  chemical  reaction. 

Dr.  O.  A.  E.Jackson  said  much  information  had  been  published 
on  the  energy  required  for  the  comiuinution  of  rocks,  which  was  an 
important  and  frequently  expensive  branch  of  the  science  of 
metallurgy.  Mr.  Prentice  had,  in  his  paper,  added  new  facts  to 
increase  their  knowledge  of  this  subject.  He  had  drawn  attention 
to  the  fact  that,  no  matter  what  the  energy  required  might  be  to 
effect  rupture  per  .se,  imder  their  present  methods  and  using  the 
various  machines  at  their  disposal,  it  was  unavoidable  to  expend, 
before  such  a  rupture  occurred,  far  greater  proportions  of  energy  in 
preparation  for  the  same.  It  was,  therefore,  the  sum  of  those 
energies  which  must  be  considered  from  the  practical  veiwpoint  as 
a  basis  for  computing  the  efficiency  of  comminution. 

The  factors  involved  in  crushing  rock  were  more  comphcated 
than  they  .might  appear  to  be  superficially  and  a  knowledge  of 
fundamental  crystal  structure  was  necessary  ;  so  that  the  problem 
invaded  the  province  of  the  physicist.  Mr.  Prentice  had  men- 
tioned the  energ}^  required  to  overcome*  the  elasticity  of  the  rock ; 
there  was  also  the  matter  of  plastic  deformation  which  must  be 
considered  and  which,  in  many  cases,  was  of  considerable  magnitude. 

Mr,  J.  £1118  said  a  picture  of  the  atomic  structure  of  minerals 
seemed  to  be  necessary  if  their  behaviour  under  stress  was  to  be 
understood.  What  followed  was  an  attempt  to  indicate  a  con- 
nection between  Mr.  Prentice's  results  and  the  atomic  structure  ojf 
the  material  he  considered — namely,  quartzite.  It  supported  Im 
results,  and,  perhaps,  made  them  more  comprehensible  than  under 
the  simple  conceptions  of  th(»  stn^ngth  of  materials  based  upon  the 
first,  and  necessary,  assumption  of  elastic  strain  in  an  isotropic 
medium.  Actnallv  the  strain  whs  not  elastic  and  the  medium  not 
isotropic.  Further,  this  method  suggested  some  limit^^-tions  to 
Mr.  Prentice's  cimclusions  and  indicate^d  that  quartz  and  quartzite 
might  be  ideal  materials. 

The  method  was  descriptive  and  not  precise — a  severe  limitation, 
which  must  be  recognized.  If  precision  were  attempted,  this 
contribution  would  be  a  maze  of  complicated  mathematics,  would 
probably  lose  much  of  its  value  and.  moreover,  the  results  would 
still  remain  qualitative,  because  the  physical  properties  of  ahnost 
all  mineral  crystals  and  of  all  rocks  were  too  comphcated  for  such 
calculations  to  be  made.    An  explanation  of  the  observed  bebaviopr 
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of  rocks   and  their  constituent  minerals  was  all  that   could  be 
attempted. 

The  problem  of  the  breaking  of  minerals  interested  the  geologist 
studying  the  deformation  of  rocks,  the  physicist  studying  the 
physical  behaviour  of  matter,  the  mining  engineer  studying  his 
problems  of  breaking  rock  and  of  rockbursfs,  as  well  as  the  metal- 
lurgist, although  each  might  view  it  in  a  different  aspect.  Thnd, 
the  geologist  considered  fracture  and  plastic  flow  under  conditions 
of  high-confining  stress  and  long  periods  of  slow  deformation, 
whereas  the  metallurgist  was  confronted  with  no  confining  stress 
and  instantaneous  fracture.  Yet,  failure  was  the  object  of  the 
researches  of  both,  and  so  the  problem  was  essentially  the  samiB 
for  both,  although  the  similarity  might  not  be  appreciated  until 
the  atomic  structure  of  minerals  was  considered. 

Looking  at  the  problem  from  a  purely  theoretical  viewpoint, 
Rittinger's  hypothesis — namely,  the  amount  of  work  that  must  be 
done  to  break  a  rock  was  proportional  to  the  increase  in  area  of  the 
broken  particles — was  fundamentally  correct.  Considering  only 
crystalline  solids,  what  were  the  forces  holding  the  particles  togeth^ 
— the  bonds  which  must  be  broken  to  fracture  the  material? 
Before  that  could  be  answered,  one  must  discover  what  the  particle 
were.  They  were  ions — that  is,  the  atoms  of  the  constituent  elements, 
each  carrying  an  electrostatic  charge  arising  from  a  characteristfc 
excess  or  deficiency  of  electrons.  For  example,  in  common  salt, 
the  sodium  ion  might  be  considered  to  have  lost  the  singh?  electron 
it  had  in  the  outer,  or  M  electronic  shell,  and  so  had  an  overall 
positive  charge,  equal  in  magnitude  and  opposite  in  sign  to  that  of 
the  electron  which  it  had  lost.  The  chlorine  ion  was  a  chlorine 
atom,  which  lacked  one  electron  to  complete  the  outer,  or  M 
electronic  shell,  now  possessing  the  extra  electron,  so  imparting  an 
overall  negative  charge  on  the  ion  equal  in  magnitude  and  of  the 
same  sign  as  that  of  the  electron.  The  sodium  and  chlorine  ions 
thus  carried  opposite  charges,  and  were  attracted  to  each  other  by 
a  force  proportional  to  the  magnitude  of  the  product  of  their  charges 
and  inversely  proportional  to  the  distance  separating  them. 

A  crystal  was  then  an  arrangement — in  threes  dimensions — of  tlie 
ions,  in  which  the  energy  of  the  system  was  a  minimum  under  the 
conditions  of  formation. 

An  ionic  crystal  was  a  three-dimensional  arrangement  of  ions, 
bound  together  by  the  forces  described.  Although  the  silicates  and 
most  rock-forming  minerals  were  not  simple  ionic  crystals,  the 
description  applied  to  them. 
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When  a  crystal  was  broken  all  the  bonds  binding  the  ions  on  the 
"break  were  broken,  and  the  work  which  must  be  done  would,  for -a 
'^ven  crystal,  be  proportional  to  the  number  of  ions  on  the  brbsk, 
'  which  was  proportional  to  the  area  of  the  plane  of  fracture.  "The 
'energy  required  was  proportional  to  the  area  of  the  surface  of 
'  fracture. 

In  actual  practice  the  amount  of  energy  required  to  separate  the 
ions  on  a  plane  was  less  than  calculated,  owing,  it  was  thought,  to 
imperfections  in  the  crystal  lattice. 

The  work  required  to  produce  one  square  foot  of  fracture  surface 
in  quartz  had  been  calculated  to  be  0«124  ft.  lb.  per  square  foot, 
which  was  based  on  the  assumption  that  the  force  to  be  overcoilie 
was  only  that  between  the  oxygen  ion  and  its  nearest  silicon 
neighbour.  It  should,  however,  be  the  sum  of  the  forces  between 
the  one  ion  and  all  the  others  in  the  part  of  the  crystal  from  which 
it 'was  being  separated.  Therefore  the  force  required  for  the  work 
necessary  to  produce  fracture  might  be  greater  than  the  calculated 
amount.  :'. 

It  was  based  upon  a  further  assumption  that  the  crystal  was 
broken  by  a  simple  tensile  force.  But  was  a  crystal  in  fact  broken 
in  that  way  ?     Could  it  be  broken  by  an  internal  tensile  force  9 

Although  a  tensile  force  coirtd  be  exerted  upon  the  ions  at  the 

bounding  surface  of  a  crystal — as,  for  example,   by  immersing 

crystals  of  salt  in  water,  it  could  not  be  conveniently  applied  in  the 

^fiolid.     Compressive,  shearing,  and  bending  forces  were  the  ones 

<5ommonly  applied  to  break  solids.  1> 

The  actual  relative  displacement  of  the  ions  in  a  crystal  mmt 
conform  to  three  types — compression,  tension,  and  shear.  Fraetd^e 
occurred  onlj'  when  the  external  forces,  which  in  crushing  were 
compressive,  were  so  resolved  by  the  crystal  that  internal  tendon 
of  sufficient  magnitude  arose. 

How  were  the  external  forces  resolved  by  the  crystal  into  stresses 
which  produced  fracture  ?  In  the  compression  tests  the  specimens 
had  broken  on  shear  fractures,  indicating  that  there  had  been  a 
separation  on  shear  planes,  although  the  compression  across  stich 
planes  could  not  have  been  the  minimum.  Those  test  pieces  were 
polycrystalline  specimens  and  so  the  distribution  of  the  internal 
stresses  was  not  so  simple  as  that  in  a  single  crystal.  '       i 

It  appeared  that  quartz  was  a  mineral  which  would  give  results 
closest  to  the  ideal  proposed  by  Rittinger,  because  it  was  composed 
of  only  two  kinds  of  i(ms,  silicon  and  oxygen,  arranged  in  a  manner 
«uch  that  there  were  no  planes  of  weakness — quartz  ha^  no 
cleavage :    the  distribution  of  atoms  on   the  average  breaking 
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Borface  was  egsentially  constant,  all  the  ions  were  bonded  togcsther 
by  the  same  forces,  and  finally,  because  it  was  a  mineral  which  did 
not  contain  impurities.  Further,  it  appeared  that  the  estimated 
amount  of  work  required  to  produce  fracture  was  low  because  it 
did  not  take  into  account  two  factors  : 

(1)  The  summation  of  the  force  between  a  given  ion  and  all  the 
others,  and 

(2)  the  method  by  which  the  fracture  was  probably  produced. 
During  elastic  deformation  of  a  substance  the  amoimt  of  work 

done  was  proportional  to  the  volume  or  the  weight  of  the  test 
piece.  It  must  be  emphasized  that  this  appUed  only  to  the  elastic 
deformation  and  that  when  considering  breakage  they  were  con- 
sidering non-elastic  deformation.  Assuming  that  the  work  done 
in  non-elastic  deformation  was  proportional  to  the  area  of  the  break 
produced,  then  the  total  work  done  to  break  a  rock  should  be  the 
sum  of  two  factors — the  work  done  during  elastic  deformation  {y)y 
which  was  proportional  to  the  volume  of  the  weight  of  the  specimen, 
and  that  done  in  non-elastic  deformation  (x),  which  was  assumed  to 
be  proportional  to  the  area  of  fracture  surface. 

So  long  as  y  was  small  relative  to  x,  then  Mr.  Prentice's  figures 
would  support  Bittinger's  hypothesis,  because  the  figures  showed 
sufficient  variation  to  hide  the  valfie  of  t/. 

But  //  vari(^d  with  the  type  of  stnictnro.  If  the  elastic  work 
which  could  be  done  on  a  test  piece  in  coiiipresBion  be  taken  as  y, 
it  was  ///3  for  a  simply-supported  beam  and  i//9  for  a  cantilever.  If 
the  averagt*  valu(*  of  x  pins  //'  for  centre  bending  was  8*1 7  and  for 
end  bending  8-87.  and  for  compression  3*46  ft.  lb.  per  squan^  fi>ot. 
then, 

y 

X  plus  7/'    =x+-=817    (I) 

8 

y 

X  phis  y"    u^u'-[--=8-87    (2) 

1) 

X  plus  //  =^  8-4()    (8) 

If  (/  was  solved  betwet'ii  (1)  and  (2)  the  result  was  m^gative. 
which  was  wrong,  and  was  presumably  due  to  the  inhen^nt  error 
in  the  tignrt'S  and  the  relative  magnitudes  of  x  and  y. 

Solving  y  betwin^n  (1)  and  (8)  :  //--()-4  approximately  and  j*  -8-0. 
or  when  //=1,  .t=7*5  approximately. 

Little  reliance  could  be  placed  upon  this  figure.  Ilie  ratio  yjJ 
might  lie  between  0  and,  say.  8.  In  other  words,  the  conclusion 
reached  from  these  figures  was  that  all  the  elastic  work  wa»  even- 
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taslly  Expended  in  breaking  the  rook,  or  that  the  elastic  work 
which  was  not  so  expended  was  negligibly  small. 

If  the  strain  was  elastic  only  within  the  proportionaliimit,  then 
the  energy  of  elastic  strain  appeared  to  be  negligibly  small.  Mr» 
Prentice's  figures  were  in  accord  with  this. 

The  lack  of  proportionality  between  compression  and  expansion 
of  individual  atomic  bonds  might  explain  the  fact  that  most  of 
the  non-elastic  (plastic)  deformation  was  concentrated  on  planes 
regularly  spaced  through  the  crystal  about  one  fi  apart.  Most  of 
the  energy  of  strain  was  concentrated  in  those  few  planes,  along 
which  it  was  presumed  that  the  break  would  appear.  It  would  be 
seen  that  when  the  strain  on  this  plane  had  reached  the  amount 
indicated,  the  energy  of  elastic  strain  in  the  crystal  would  be  avail- 
able to  do  some  of  the  additional  work  required  to  produce  failure* 
And  so,  although  the  work  done  in  elastic  strain  might  be  lower 
than  Mr;  Prentice  suggested,  it  was,  nevertheless,  available  to  do 
work  in  breaking  the  crystal. 

As  no  crystal  was  isotropic  to  stress,  the  stresses  in  a  poly- 
cry  stalUne  aggregate  would  vary  rapidly  in  magnitude  and 
direction  from  one  crystal  grain  to  another.  Thus,  the  actual 
effective  internal  stress,  which  was  generally  a  shearing  stress, 
reached  the  intensity  sufficient  to  produce  fracture  in  only  a  few 
planes  in  a  polycrystalline  aggregate. 

It  was  interesting  to  note  that  when,  as  for  example  in  the 
compression  test,  the  work  done  on  the  specimen  was  high,  the 
surface  of  break  was  also  great ;  yet,  when  the  same  test  piece — 
say,  diamond  drill  core — was  broken  by  a  hammer  blow,  the  small 
amount  of  work  was  concentrated  on  a  single,  and  therefore  smalU 
plane  of  fracture. 

^fateriuls  which  readily  tiowed  plastically — could  shear  indefi- 
nitely without  rupture — might  absorb  a  great  amount  without 
rupture.  For  such  materials  the  amount  of  work  required  to 
produce  fracture  might  be  high.  Single  crystals  of  tin  had  been 
deformed  to  four  times  their  original  length,  and  even  some  ionic 
crystals  to  twice  their  original  length  without  fracture.  In  such 
cases  Rittinger's  hypothesis  might  not  be  supported  so  well  as  by 
quartzito. 

Whether  a  crystal  would  flow  plastically  depended  upon  the  rate 
of  application  of  the  stress,  the  temperature  of  the  specimen' 
relative  to  its  melting  point,  and  the  confining  pressures. 

One  might  expect  a  certain  minimum  stress  to  be  necessary 
befor(t  any  plastic  flow  was  produced  in  a  smgle  crystal,  though  it 
was  doubtful  whether  this  was  so  if  the  rate  of  application  of  the 
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stress  was  very  slow,  especially  for  metallic  cryBtate»  and  more  so 
if  the  temperature,  was  close  to  that  of  the  melting  point  of  the- 
crystal.  Thus/ ice,  in  glaciers,  w^as  close  to  that  of  the  melting 
point  of  the  crystal,  and  ice  flowed  plastically  under  very  small 
stresses.  The  same  applied  to  lead  at  temperature  200°  and  900°^ 
Centigrade  below  its  melting  point.  However,  although  these 
factors  were  important  to  the  geologist  in  the  solution  of  problems^ 
of  metamorphism,  they  were  probably  insignificant  in  the  metal- 
lurgist's problem  of  grinding  and  crushing  rocks,  although  tbey 
might  partly  account  for  the  difference  in  work  required  to  crush 
and  to  grind  the  same  material.  The  significance  of  the  difference 
in  the  rate  of  application  of  the  stress  could  be  appreciated  from  the 
behaviour  of  glass,  which  was  plastic  towards  a  stress  increasing* 
slowly,  but  brittle  to  a  sudden  stress. 

An  estimate  of  the  energy  required  to  crush  micaceous  minerals 
was  complicated.  In  fairly  coarse  crushing  the  energy  was  used : 
(1)  To  break  the  crj'stals  on  their  cleavage  planes,  and  (2)  to  bend 
the  crystals.  The  first  was  proportional  to  the  area  of  the  break, 
and  the  second  was  probably  not.  In  finer  crushing  or  grinding^ 
the  energy  was  used  :  (1)  To  continue  to  break  the  crystal  on  the 
cleavage  planes,  (2)  to  break  the  plates,  and  (3)  to  bend  the  platen. 
(1)  and  (2)  were  proportional  to  the  area  of  the  break,  but  the 
proportionality  was  different,  and  (3)  might  not  be  proportional 
to  the  area  of  the  broken  surface. 

The  aniphiboles  were  a  group  of  minerals  characterized  by  having 
the  8i04  tetrahedra  arranged  in  chains  of  unlimited  length,  held 
together  by  cations.  The  pyroxenes  had  their  Si04  tetrahedra 
arranged  in  strings,  held  together  l)y  cations.  Minerals  of  these 
two  groups  might  beliave  in  a  way  simihir  to  the  micaceous  ones, 
although  the  etTects  might  not  be  so  marked. 

But  rocks  were  polycrystalline  material,  and  might  therefore 
break  in  two  ways — around  the  crystal  grains,  and  through  them. 
In  the  first  case,  if  the  intercrvstallhit*  material  was  plastic,  or 
certain  of  the  crystalline  constituents  were  plastic — for  example, 
micaceous — then  the  simple  relationship  for  the  work  required 
would  not  hold,  and  the  amount  of  work  he  great.  Quartzitt* 
consisted  almost  entirely  of  (|uartz,  and  the  crystalline  grains 
formed  a  mosaic,  so  that  it  was  virtually  impossible  to  break  thr 
rock  around  the  grains.  It  then  appeaivd  that  (juartzite  was  an 
ideal  rock  consisting  of  ideal  crystals.  When  coarse  shale  was 
crushed,  the  fracture  would  probably  take  place  between  tht^ 
grains  and  the  amount  of  work  to  be  done  be  small.  When  shale 
was  to  be  crushed  finer,  and  fracture  nuist  be,  in  part,  through  the 
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crystal  grains,  it  might  well  be  in  planes  of  weakness — for  example, 
the  cleavage  of  the  micas — leaving  stronger  crystals  and  other 
planes  unbroken.  Finally,  if  it  was  to  be  ground  very  fine,  not 
only  must  the  stronger  crystals  be  broken,  but  such  crystals  as 
micas  must  be  broken  along  planes  which  required  far  more  work 
to  be  done  than  was  required  for  fracture  along  the  cleavage  planes. 
By  publishing  his  results,  Mr.  Prentice  had  made  a  valuable 
contribution  to  the  knowledge  of  the  subject  of  breaking  rocks, 
but  it  appeared  to  the  speaker  that  quartzite,  which  was  the  rock 
studied,  was  an  ideal  rock,  and  that  his  principle  might  be  modified 
for  other  rocks. 
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oenBorship.  That  explained  a  number  ai  omissions  and.  in  partiotuar, 
why  there  wan  no  mention  of  any  individual  or  any  coinpany 
and  why  the  paper  was  without  a  bibliography. 

Since  it  was  printed  he  had  received  a  number  of  letters  with 
regard  to  it.  One  correspondent  made  the  shghtly  unjust  complaint 
in  that  the  writer  ought  to  have  referred  to  a  particular  development 
but  his  reply  was  that  the  paper  was  intended  to  cover  the  war 
period,  while  the  development  in  question  bad  taken  place 
subsequent  to  the  concluaiou  of  hostilities.  Secondly,  he  had 
been  reproached  for  uot  giving  details  of  the  concentration 
of  niagnesite  by  fioth  flotatioti.  Since  most  of  tiie  great  papers  on 
froth  flotation  had  been  delivered  before  the  Institution  he  thought 
that  the  development  in  question  merited  a  paper  in  itself  and. 
therefore,  he  asked  to  bo  excused  for  giving  only  a  few  lines  to 
it  in  what  was  intended  to  be  a  genera!  survey. 

Professor  Leslie  Altchison*  naid,  that  on  reading  tfarougb 
the  paper  one  appreciated  that  magnesium  was  an  extraordinarily 
interoBtiiig  metal.  Its  lightnesB,  combined  with  ita  strength, 
made  it  potentially  very  valuable  for  various  engineering  industries, 
particularly  those  concerned  with  the  transport  and  movement  of 
materials  fronJ  one  place  to  another  and  especially  for  reciprocat- 
ing parts,  etc.  Although  magnesium  had  proved  itself  to  be  most 
valuHbJp  in  war-tinie  fur  iiicendiiiry  l>omb.s  nnd  in  similor  directions 
'  involving  the  burning  of  the  metal,  be  thought  it  bad  not  fully 
jutiflfied  expectations  for  peace-time  applications.  In  his  opinion, 
there  were  two  main  reasons  for  that.  The  first  was  that  mt^- 
nesium  and  its  alloys  corroded  readily  and  the  second  was  that 
magnesium  was  a  material  which  did  not  easily  allow  itself  to  be 
formed,  worked,  or  shaped  in  the  cold.  It  was  almost  impossible 
t-o  draw,  press,  or  spin  it  until  the  metal  had  been  heated  to  u 
moderate  temperatim-.  The  latter  difficulty  could  probably  be 
accounted  for  in  terms  of  the  crystalline  structure  of  the  metat. 
this  being  the  close-packed,  hexagonal  form.  It  was  a  general 
experience  that  most  of  the  metals  having  a  close-packed  hexagonal 
structure  did  not  readily  permit  of  working  at  ordinary  temperatures. 

The  other  phenomenon — the  considerable  liability  of  the  metal 
and  its  alloys  to  corrode — he  thought  was  associated  in  a  great 
measure  with  the  extent  to  which  they  contained  certain  impurities. 
He  thought  one  of  the  great  values  of  the  paper  was  its  demonstra- 
tion of  the  high  degree  of  purity  to  which  magnesium  from  the 
extraction  processes  had  been  brought,  both  in  this  country  ^d 
in  America,  particularly  io  respect  of  iron. 

'    TVoftwor  of  Industrial  Hetalliirgv,  Birmin^uun  Univcmlty. 
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He  wondered  whether  Major  Teed  would  help  those  interested 
by  giving  still  more  da^  in  respect  of  a  quite  unique  example  of 
large-scale  metallurgical  development.  They  hoped  conditions 
would  never  occur  again  which  would  justify  that  kind  of  experi- 
ment ;  it  was  only  under  the  extreme  stress  of  war  that  such  a 
very  large  sum  of  money  would  be  spent  on  such  production  and 
consequently  all  possible  lessons  should  be  learnt  from  what  had 
been  done.  He  would,  therefore,  like  to  ask  Major  Teed  for  a 
little  more  information  about  the  economics  of  the  processes 
covered.  He  feared  Major  Teed  was  a  httly  chary  of  giving  precise 
iigures,  no  doubt  as  a  result  of  the  censorship  which  the  paper  had 
received,  but  thought  that  if  he  could  provide  the  relative  costs  of 
production  of  magnesium  by  the  different  processes  described  in< 
the  paper  such  information  would  be  of  real  interest  to  the  members 
of  the  Institution  and  justify  him,  perhaps,  in  asking  for  it.  In 
his  opinion,  the  paper  was  a  splendid  record  of  a  magnificent 
achievement  on  the  part  of  the  Allies  during  the  last  war. 

C!olonel  W.  G.  Devereux*  said  he  could  not  think  of  anyone 
more  highly  qualified  than  Major  Teed  to  talk  on  the  subject 
covered  by  the  paper.  It  had  been  his  pleasure  to  see,  both  here 
and  in  the  U.S.A.,  a  little  of  the  first-rate  liaison  work  to  which 
Major  Teed  applied  himself  during  the  war  with  such  complete 
devotion,  energy,  and  scientific  skill.  With  typical  modesty  he  had 
refrained  from  mentioning  his  own  contribution  to  the  develop- 
ments he  had  described,  but  he  thought  it  no  exaggeration  to  say 
that  his  efforts  in  co-ordinating  Anglo-American  research  and 
development  in  magnesium  production  and  utilisation  had  played 
a  significant  part  in  fulfilling  the  production  plans  and  in  achieving 
that  remarkable  expansion  in  the  supply  of  magnesium  which 
was  one  of  the  most  remarkable  industrial  achievements  of  the  war. 

It  was  particularly  gratifying  to  him  that  Major  Teed  should 
be  the  first  to  present  a  comprehensive  review  of  that  great  inter- 
national co-operative  efTort,  particularly  since  he  had  chosen  to 
dedicate  it  to  the  men — the  scientists,  engineers,  and  managers— 
who,  working  against  time  under  very  abnormal  conditions,  carried 
out  the  great  technical  advances  and  the  tremendous  engineering 
achievements  he  had  described. 

Having  been  responsible  for  two  of  the  plants  to  which  the 
author  had  referred — for  the  production  of  magnesia  from  sea- water 
and  for  the  thermal  production  of  magnesium  respectively — 
he  could  vouch  for  the  tremendous  energy  and  resourcefulness  of 
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those  engaged  in  the  trork  in  those  desperate  yean  which  now 
seemed  so  far  away.  Thinking  of  thein  oilfe  could  not  help  making 
comparison  with  the  present  time,  and  i^ishing  that  some  of  the 
enthusiasm  then  engendered  by  a  common  cause  and  a  clear 
objective  were  more  in  evidence  today,  when  the  problems  before 
them,  although  of  a  somewhat  different  nature,  were  just  as  great 
as  they  ever  were. 

Three  main  points  appeared  to  emerge  from  Major  Teed's 
survey  :  First,  the  possibility  of  considerable  economies  in  the 
electrolytic  process,  both  in  the  manufacture  of  the  magnesium 
chloride  and  by  improved  cell  design  ;  secondly,  the  successful 
establishment  of  the  ferro-silicon  reduction  process  as  a  means 
of  producing  high-purity  magnesium  on  a  commercial  scale  without 
a  separate  refining  operation  :  and,  thirdly,  the  demonstration 
of  the  practicabilit}'  of  carbon  reduction,  which  now  remained  a 
challenge  to  engineers  to' implement  the  sucpess  of  the  metallurgists. 

Now  that  war  requirements  were  over,  what  return  were  those 
in  England  to  get  for  their  share  of  the  Allied  investment  of  some 
£110^000,000  in  magnesium  expansion?  In  the  United  States 
producers  had  hurriedly  revised  their  peace-time  schedules  for  a 
demand  they  had  not  foreseen  and  were  reopening  plants  that 
had  been  planned  to  close  at  the  cessation  of  hositilities.  In 
England,  however,  total  fabrication  of  magnesium  products  was 
at  present  leas  than  half  that  of  1989  and  only  one- tenth  of  the 
production  potential.  It  looked  as  though  they  were  writing  off  a 
possible  asset  as  a  total  loss.  One  reason  might,  perhaps,  be 
indicated  in  the  Appendix,  Plate  I,  where  comparison  of  the 
impurity  elements  showed  a  wide  divergence,  not  only  in  the 
allowable  quantities,  but  also  in  the  elements  considered  important 
enough  to  specify.  Hanawalt,  of  the  Dow  company,  in  his  classic 
paper  on  the  effect  of  impurities  on  corrosion  resistance,  demon- 
strated that  if  certain  elements  were  kept  below  their  tolerance 
limits,  magnesium  and  its  alloys  had  as  good  resistance  to  sea-water 
and  spray  attack  as  the  corrosion-resistant  aluminium  alloys. 
There  was  no  doubt  that  American  producers,  regardless  of  their 
methods,  were  facing  up  to  this  as  a  means  of  creating  a  widening 
demand  for  a  new  stable  material.  No  fabricator  in  tliis  countrv 
would  feel  happy  to  specify  domestically-produced  magnesium  for 
any  application  requiring  corrosion  resistanct^  without  advancing 
such  precautions  and  protective  treatments  that  would  frighten 
the  prospective  customer  to  some  less  temperamental  material. 

The  second  reason  was  undoubtedly  one  of  production  cost. 
Apart  from  plant  efficiency,  they  came  back  to  the  almost  thread- 
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hare  arguinent  of  power  cost,  in  which  magnesium  was  quite  a 
junior  appellant.  There  were  not  many  places  in  the  world  where 
hydro-electric  power  was  of  lower  cost  than  that  from  the  best 
thermal  units.  In  this  country  coal  should  not  be  considered  as 
a  potential  export  until  improved  mining  methods  could  satisfy 
the  demands  for  cheaper  power.  The  Institution  of  Mining  and 
Metallurgj^  was  a  body  well  fitted  to  consider  whether  that  defection 
in  coal  production  should  continue  to  prevent  a  sizeable  fabricating 
industry  from  access  to  a  not  inconsiderable  home  and  export 
market.  Production  of  magnesium  in  Great  Britain  could  hardly 
be  justified  if  it  was  only  rendered  possible  bj-  restriction  of  imports, 
or  as  a  subsidized  industry,  neither  of  which  offered  any  incentive 
to  produce  the  best  quaUty  metal.  The  alternative,  of  course, 
was  to  follow  the  precedent  of  aluminium  and  nickel,  and  to  allow 
competitive  imports  from  Canada,  where  the  ferro-silicon  process 
was  operated  efficiently  and  economically. 

Mr.  R.  D.  Hume*  stated  that  as  he  had  severed  his  coimection 
with  magnesium  production  nearly  three  years  before  he  was  not 
in  a  position  to  give  details  of  the  process  with  which  he  was 
closely  associated  duiing  the  war.  There  were,  however,  one  cut 
two  practical  points  which  he  learned  in  making  the  process  a 
commercial  proposition  and  he  would  like  to  pass  them  on  in  case 
they  would  be  useful  to  members  who  might  meet  similar  difficulties. 

One  of  the  major  problems  in  connection  with  the  process  was 
to  provide  a  metal  retort  which  would  stand  a  temperature  of 
1120°C.  at  a  high  vacuum  and  although  various  grades  of  alloy 
steel  were  investigated  they  were  extremely  costly,  and  not 
obtainable  in  sufficient  quantities  for  the  output  that  was  required 
during  the  demands  of  the  war  period.  It  was  eventually  found 
that  a  sheath  of  a  thickness  of  8/32  in.  containing  approximately 
26  per  cent  nickel  and  22  per  cent  chromium  permanently  fixed 
round  the  retort  afforded  a  complete  protection  to  a  retort  composed 
of  ordinary  mild  steel  and  this  method  was  used  commercially 
in  the  plants  operating  the  carbide  process.  An  important  point 
was  that  if  a  sheathed  retort  should  be  overheated,  resulting  in 
serious  scahng  of  the  sheath,  a  repair  could  be  quickly  and  satis- 
factorily effected  by  welding  a  fresh  portion  of  the  sheet  material 
in  or  over  the  badlv-scaled  area. 

A  similar  problem  was  encountered  in  melting  the  magnesium 
metal,  as  produced  in  the  retort  prior  to  casting  into  ingots,  inso- 
much as  the  furnaces  employed  were  oil-fired  and  the  steel  pots 
scaled  badly  through  flame  impingement.  Various  reasons  made  it 
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impracticable  to  modify  the  furnace  design,  but  protection  was 
afforded  by  means  of  a  plumbago  sheath.  This  sheath  was  designed 
to  protect  the  base  of  the  pot  and  extended  slightly  above  the 
area  impinged  by  the  flame.  It  was  2  in.  thick  and  was  an  easy  fit 
over  the  bottom  of  the  pot.  The  useful  tife  of  the  pot  was  prolonged 
from  about  200  hours  to  750  hours  and  the  period  required  to 
melt  the  charge  increased  by  only  5  per  cent. 

With  regard  to  magnesium  fires :  on  one  occasion  more  than  a 
ton  of  magnesium  swarf  was  well  aUght  and  no  progress  could  be 
made  with  flux,  sand,  or  asbestos  blankets,  etc.  In  their  anxiety 
to  prevent  distortion  of  the  steel  framework  of  the  building  the 
works  fire  brigade  played  their  hoses  on  the  adjacent  steelwork 
and  platforms  in  order  to  keep  them  cool.  One  active  member, 
however,  took  it  upon  himself  to  direct  the  water  onto  the  main 
body  of  the  fire.  As  there  was  no  immediate  deterioration  in  the 
position  water  was  played  on  the  fire  in  considerable  quantities 
and  only  two  minor  explosions  took  place.  It  was  not  suggested 
that  water  was  a  safe  remedy  for  dealing  with  magnesium  fires ; 
in  most  circumstances  it  should  undoubtedly  be  avoided,  but  in 
that  particular  instance  the  actual  combustion  was  hastened 
without  causing  any  serious  explosions,  and  damage  to  the  framework 
of  the  building  was  prevented. 

Dr.  S.  W.  Smith  said  that  Major  Teed  had,  to  use  his  own 

words,  review(*(l  the  great  achievements  of  teams  of  technical 
men  inspired  with  the  necessity  of  producing  magnesium  with 
the  verv  mininuini  of  delay  and  without  undue  regard  to  cost. 
He  was  sure  they  would  all  agree  that  the  achievements  of  those 
men  had  been  of  very  j^reat  service  to  the  Allied  cause  during  the 
recent  critical  years.  The  over-all  picture  of  magnesium  production 
durinf^  the  war  was.  as  he  said,  one  of  a  great  task  well  done.  AMiere 
so  many  had  played  their  parts,  it  would,  perhaps,  have  been 
invidious  to  mention  individuals  or  companies  by  name.  To  those 
who  were  specially  interested,  however,  bibliographies  were 
available,  dealing  with  production  in  this  country  and  in  various 
parts  of  Canada  and  of  the  United  States.  Dr.  Cecil  Desch  had 
referred  to  these  enterprises  in  the  masterly  review  of  magnesium 
production  and  fabrication  which  he  delivered  to  the  Royal  Society 
of  Arts  some  three  j-ears  ago.  Metallurgy  had  had  many  fascinating 
and  romantic  periods  to  its  credit,  but  it  was  true  to  say  that  few. 
perhaps,  had  surpassed  that  of  magnesium  production  in  the  speed 
with  which  developments  had  taken  place  in  so  many  different 
directions. 
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Dr.  W.  F.  Chubb*  said  he  had  heen  particularly  interested  in 
Major  Teed's  discussion  of  the  processes  for  the  production  of 
magnesium  by  distillation,  these  methods  having  been  established 
for  many  years  past.  The  process  was  first  developed  on  a  com- 
mercial scale  in  England  under  the  management  of  Mr.  Hume 
and  his  purpose  in  speaking  was  to  try  and  correct  certain  mis- 
apprehensions which  had  arisen.  He  was  going  to  refer  to 
magnesium  production  in  America  and  more  particularly  in  Canada, 
in  which  hehad  taken  an  active  interest.  In  1989  a  Mission  went 
out  from  England  headed  by  Sir  John  Greenly  and  it  was  that 
body  which  was  responsible  for  the  war-time  development  which 
took  place.  During  the  first  year  of  its  existence,  the  question  of 
magnesium  production  came  to  the  fore -and  as  Consulting  Metal- 
lurgist to  the  Greenly  Mission  he  had  suggested  that  the  authorities 
in  Canada  who  were  working  on  this  problem  should  be  giv^n 
details  of  the  estabUshed  EngUsh  process  in  order  thatt  production 
might  commence  as  quickly  as  possible.  Subsequently  a  description 
of  the  Canadian  plant  was  published  in  several  technical  journals, 
notably  in  the  Camq^ressed  Air  Magazme  of  the  United  States. 
The  description  given  dealt  in  part  only  with  this  Canadian  develop- 
ment, but  nevertheless  gave  sufficient  detail  to  show  one  or  two 
points  of  departure  from  the  original  EngUsA  practice. 

Dr.  Chubb  then  described  in  detail  the  difference  between  the 
Canadian  process  and  the  original  English  method  and  concluded 
by  saying  that  when  he  was  in  Canada  the  cost  of  production  was 
estimated  to  be  about  18  cents  per  lb.,  but  he  beheved  it  was 
subsequently  reduced.  He  could  not  speak  of  United  States' 
costs  of  production,  but  he  thought  they  would  be  approxima^ly 
parallel. 

Sir  Lewis  Fermor  said  he  found  himself  most  interested  in 
the  paper  from  quite  a  different  point  of  view  from  that  which 
had  been  discussed.  Last  year  he  was  enquiring  into  the  amount 
of  manganese  which  occurred  in  aluminium,  and  the  effect  of  that 
manganese  upon  the  properties  of  the  aluminium.f  He  noticed 
that  the  table  at  the  end  of  Mr.  Teed's  paper  gave  the  composition 
of  various  brands  of  magnesium,  from  which  it  appeared  that 
manganese  could  not  be  regarded  as  an  impurity.  He  was  wonder- 
ing whether  magnesium  without  any  manganese  at  all  was  techni- 
cally valuable.    He  made  that  remark  because  in  the  table  of  British 
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statistics  manganese  was  invariably  reeorded  with  a  maximum 
figure  in  the  example,  whereas  in  the  American  statistics  a  minimum 
percentage  of  manganese  was  given  in  every  case.  He  would  like 
to  enquire  what  was  the  function  of  manganese  in  magnesium. 

Mr.  A.  B.  Lisle*  said  that  the  two  or  three  speakers  he  had 
heard  discussing  the  paper  before  the  Meeting  had  talked  on 
current  political  issues,  future  progress  possibitities,  fabrication 
matters,  some  manipulating  hazards  and  other  aspects  not  really 
related  to  the  paper.  Much  more  could  be  said  on  all  of  those 
questions,  but  he  would  confine  his  comments  to  the  paper  itself 
which  seemed  to  him  to  comprise  exclusively  an  historical  survey 
of  the  recent  past. 

He  said  that  the  author  was  to  be  congratulated  on  a  paper 
that  was  very  comprehensive,  at  least  in  regard  to  magnesium 
production.  Ho  had  been  singularly  successful  in  keeping  the 
matter  objective,  free  from  personal  references,  and  without 
readily-obvious  allusion  to  any  of  the  concerns  that  had  worked 
in  that  field.  It  did,  however,  seem  advisable  that  a  number  of 
corrections  should  be  made,  and  elucidation  of  some  doubtful 
points  was  also  desirable. 

On  the  matter  of  magnesium,  the  datum  line  in  the  mind  of  the 
author  appeared,  however,  to  be  the  delayed  entry  of  the  United 
States  into  the  war  at  the  end  of  1941,  and  that  mental  attitude* 
was  doubtless  respoiisible  for  some  of  the  omissions,  as  well  as  for 
some  statements  that  appeared  to  he  not  strictly  accurate.  Although 
the  United  States  facilities  were  praised  highly,  there  was  no  em- 
phasis upon  Canada's  wonderful,  if  not  superior,  potential  electro- 
lytic capacity.  Having  personally,  eighteen  months  rarlim. 
spent  some  time  in  Canada  on  the  magnesium  production  probleiu, 
under  the  orders  of  the  British  Government  Department  concerned, 
to  whom  he  believed  the  author  was  one  of  the  technical  advisers, 
he  could  firmly  assert  that  the  Tnited  States  performance,  largr 
as  it  was,  made  unnecessarily  late  contribution  to  the  Allied 
cause.  The  errors  at  that  time  of  the  Home  Government's  adviser:* 
and  politicians  should  not  be  glossed  over,  especially  as  they  now 
had  enduring  consequences  for  the  Empire  in  magnesium  progress. 

In  the  last  paragraph  of  p.  8  tlie  author  had  mixed  together 
(nited  States  and  British  performances,  and  the  general  conclusions 
he  had  reaclu'd,  therefore,  were,  in  numerous  instances,  likely  t«t 
prove  misleading.  On  p.  4,  second  paragraph,  the  author  said 
that  new  and  untried  processes  *  had  to  be  supported  '.  They 
were  supported,  but  not  of  necessity.     In  Britain  the  deeision> 
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oocufred  only  following  xecommendations  by  pooriy-informed 
consultants,  who,  unfortunately,  often  gave  the  impression  that 
they  regarded  themselves  as  having  a  monopoly  of  patriotism,  or 
honesty. 

The  statement  on  p.  7  regarding  chlorine  consumption  was 
surprising.  In  actual  fact,  there  seemed  no  indication  that  a 
saving  in  chlorine  was  consequent  on  the  etimination  of  peat.  It 
was  sure  that  that  economy  followed  upon  closer  operation  control 
and  was  especially  related  to  greatly  improved  purity  of  the  basis 
material.  On  p.  9  and  11  the  author  gave,  in  considerable  detail, 
an  American  electrolysis  process.  It  seemed  strange  that  the 
electrolytic  process  that  mainly  supplied  the  United  Kingdom  and 
largely  the  United  States  also,  throughout  the  war,  was  treated  as 
non-existent. 

It  was  surprising  that  a  statement  was  made  on  p.  10  of  the 
report  that  *  boron,  although  reduced  to  the  elemental  state, 
tends  to  drop  through  the  electrolyte  into  the  sludge  ',  They 
knew  from  certain  American  pubhcations  the  extraordinary 
damage  to  the  metal  output  which  most  minute  traces  of  boron 
would  occasion  and  they  also  knew  it  to  their  cost  from  what 
occurred  at  an  English  shadow  factor3^  The  paper  gave  no  hint 
of  the  relative  economics  of  the  various  processes  and  he  thought 
the  author  could,  with  advantage,  tabulate  the  respective  tonnage 
•outputs  in  :  (a)  the  United  Kingdom,  and  (b)  the  United  States, 
by  each  of  the  numerous  processes.  Such  figures  would  certainly 
help  to  illustrate  the  real  merits  of  each  one. 

With  regard  to  the  reference  on  p.  16  to  the  aluminium  reduction 
method  ;  if  power  consumption  in  that  case  was  so  much  more 
favourable,  what  were  the  factors  that  made  the  product  more  than 
twice  as  costly  as  metal  manufactured  by  either  of  the  electrolysis 
processes  ? 

After  reading  the  paper,  one  was  forced  to  wonder  whether  the 
author  had  never  seen  the  House  of  Commons  Select  Committee's 
Report  of  February,  1944.  That  gave,  as  regarded  the  United 
Kingdom,  the  true  practical  picture  of  magnesium  production, 
especially  during  the  war  and,  he  thought,  clearly  showed,  among 
other  things,  why  the  aluminium  reduction  process  was  abandoned. 

On  reading  p.  16  one  was  reminded  that  the  author  had  for  long 
been  strongly  infatuated  with  the  trans- Atlantic  silicon  reduction 
achievement,  but  it  should  be  remembered  that  the  prior  work  in 
Germany  and  Britain,  on  which  patents  existed  before  1989, 
anticipated  these  American  efforts.  Even  the  high  vacuum  which 
the  author  emphasized  was  used   in   that  original  work,  and  a 
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Consld^able  quoutity  of  magnesium  was  made,  ^  that  the  Canadian 
and  American  performance  was  Id  no  sense  new,  although  posBibly 
it  appeared  bo  to  new  entrants  in  the  field.  The  chrome-nickel 
retort s^impoaBible  to  obtain  here  during  the  war— ought  to  bt- 
emphasized. 

Tht'  cost  of  installation  and  maintenance  of  the  various  plants 
was  not  indicated  in  the  paper  and  for  effective  study  of  the  subject 
knowledge  of  these  figures  was  most  valnable.  At  the  conclusion 
of  the  paper  the  author  pave  an  extensive  description  of  carbon 
thermic  reduction  methods.  One  would  ask  what  were  the  proved 
costs  and  what  was  the  insignificant  total  output  that  had  been 
achieved  by  those  in  either  of  the  two  countries  under  consideration. 
In  the  United  Kingdom  it  was  believed  that  the  method  had  been 
finally  abandoned.  Some  warning  should  be  expressed  in  relation 
to  the  Appendix.  The  alloys  and  specifications  were  not  capable 
of  direct  comparison  between  the  United  Kingdom  and  America 
for  various  reasons  that  would  take  far  too  long  to  explain. 

Finally,  he  e.xpressed  the  hope  that  in  the  final  printing  of  tb'' 
paper  for  the  records  of  a  famous  Institution  the  author  would 
see  his  way  to  arrange  for  amendments  to  be  made,  in  the  sense  of 
some  at  least  of  those  now  suggested. 

Major  Teed,  having  thanked  those  who  had  referred  to  his 
paper  in  hucIi  laudidory  lerms,  said  be  would  like  to  reply  to  one 
point  which  bad  been  raised.  The  four-fold  censorship  which  he 
had  mentioned  ruled  out  any  detailed  disclosure  as  to  costs  of 
production.  This,  he  considered,  was  entirely  right,  for  the  vast 
expansion  achieved  was  not  a  commercial,  but  a  war  undertaking, 
in  which  the  processes  and  procedures  adopted  bore  little  relation- 
ship to  those  which  would  normally  be  used  to  secure  commercial 
production.  It  was,  however,  a  matter  of  common  knowledge  that 
during  the  war  magnesium  was  sold  in  the  United  States  at  a 
profit  at  20  cents  per  lb.  but  a  number  of  producers  bad  had  to  be 
paid  a  higher  price.    The  other  points  he  would  reply  to  in  writing. 
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DISCUSSION 

ON 

An  Experimental  Investigation  of  the  EflFects  of 
High     Temperatures     on     the    Efficiency    of 

Worlcers  in  Deep  Mines. 

By  A.  Caplan,  M*D.,  M.R.C.P.,  and  J.  K.  Lindsay,  Member. 

The  President  said  that  in  view  of  the  increased  depths  at 
which  mining  operations  were  now  being  carried  on  in  many 
parts  of  the  world,  this  paper  had  great  topical  interest  and  was 
of  prime  importance.  He  was  sure  that  it  would  be  greatly 
appreciated  by  all  mining  engineers.  Mr.  Lindsay,  one  of  the 
authors,  was  present  and  would  introduce  his  paper. 

Mr.  J.  K.  Lindsay  said  that  the  problem  of  working  efficiency 
at  high  temperatures  was  one  which  was  becoming  of  increasing 
importance,  not  only  to  mining  engineers,  but  to  many  industrial 
undertakings  throughout  the  world.  On  the  Kolar  goldfield  the 
wet  bulb  had  from  experience  been  long  accepted  as  an  accurate 
index  of  comfort  or  discomfort.  It  had  also  been  long  accepted 
that  the  kata  did  not  truly  reflect  an  individual's  personal  feeling 
of  comfort  or  discomfort.  A  temperature  of  90®  F.  wet  bulb  was 
considered  to  be  the  approximate  point  at  which  a  serious  falling 
off  in  working  efficiency  took  place.  It  was  felt,  however,  that  the 
question  was  one  which  warranted  a  more  detailed  examination^ 
hence  the  present  investigation. 

Mr.  Lindsay  then  summarized  the  procedure  adopted  in  the 
investigation  and  the  conclusions  arrived  at,  as  set  out  in  the  paper, 
and  went  on  to  say  that  since  the  paper  was  pubUshed  liis  attention 
had  been  drawn  to  a  publication  by  H.M.  Stationery  Office,  entitled 
'  Environmental  warmth  and  its  measurement '  by  T.  Bedford,  a 
publication  which  was  extremely  useful  to  those  interested  in  the 
problem.  Bedford  considered  that  at  temperatures  near  the 
endurable  limit  effective  temperatures  make  too  much  allowance 
for  the  dry  bulb,  and  that  the  wet  bulb  alone  might  be  a  better 
index  than  the  present  effective  temperature.  His  own  opinion 
was  that  further  investigation  would  be  necessary  to  settle  that 
point. 

Dr.  J.  T.  Mclntyre  said  that  the  authors  had  done  a  striking 
piece  of  work  on  rather  an  important,  if  not  the  most  important, 
study  of  the  deep-level  mining  problem.    Their  results  and  conclu- 
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sions  were  v&ry  clearlj\^et,aut  and  wqjdM  be  read  with  great  intereet 
in  other  parts  of  the  world,  and  more  especially  in  South  Africa, 
where  they  were  now  face  to  face  with  somewhat  similar  difficulties 
to  those  outlined  in  the  opening  remarks  of  the  paper.* 
.  These  aspaets  of  human  efficiency  in  relation  to  environmental 
conditions  wera  fraught  with  many  difficulties  of  interpretation, 
however,  and  right  away  they  were  faced  with  measuring  or 
estimating  the  amount  of  work  (or  energy  expended)  that  should 
be  considered  a  reasonable  output  under  a  given  set  of  conditions. 
The  authors  had  got  over  that  hurdle,  as  far  as  Kolar  conditions 
apphed,  by  taking  the  maximum  that  their  type  of  indigenous 
labour  could  produce  without  force  or  incentive  in  what  appeared 
to  be  a  satisfactory  temperature  condition  represented  by  83*^  F. 
wet-bulb  reading. 

As  regarded  maximum  output,  he  would  suggest  that  psycho- 
logical as  well  as  physiological  aspects  should  be  considered  in 
some  way  yet  to  be  determined,  in  order  to  obtain  a  fuller  apprecia- 
tion of  the  Umits  involved.  That,  of  course,  could  only  be  done 
with  many  more  subjects  taking  part  in  the  experiments  than  the 
six  men  quoted. 

It  was  of  interest  to  note  that  a  series  of  United  States  Army 
experiments  were  completed  in  the  year  1944  and  published  in 
March,  1945,|  giving  certain  limiting  temperatures  for  a  work 
rate  corresponding  to  a  total  energy  expenditure  of  260  to  300 
calories  per  hour  on  a  continuous  basis  up  to  four  hours'  duration. 
The  men  in  those  tests  marched  at  about  three  miles  an  hour  with 
20-lb.  packs  in  an  enclosure  kept  at  various  temperatures  and 
humidities,  and  the  effect  was  as  if  they  were  in  an  air  current  of 
about  260  feet  per  minute.  Under  the  conditions  of  test  the 
following  schedule  of  wet-bulb  temperatures  appeared  to  fit  the 
observations  made  on  the  13  white  men  with  ages  ranging  from 

*NoU  by  Dr.  J.  T.  Mclntyre  :  In  thia  connection,  it  is  interesting  to  refer 
to  a  new  Statute  of  the  Union  of  South  Africa,  the  Deep  Level  Mining 
Research  Institute  Act  of  1946.  The  Act  states  briefly  that  the  objects  of 
the  Institute  are  to  promote  and  to  undertake  investigations  and  research 
in  docp-lovel  mining  in  the  Union  and  in  matters  incidental  thereto,  with  the 
object  of  inventing,  discovering  and  developing  such  methods  of  mining, 
€md  such  processes  and  apparatus,  as  will  extend  the  limits  to  which  ore 
may  be  profitably  exploited.  The  Institute  is  a  joint  long-term  venture,  the 
expenses  being  shared  by  the  Government  and  the  mining  industry',  but 
other  interests  may  identify  themselves  with  the  research  work. 

fEiCHNA,  Ashe,  Bean,  and  Shelley.  '  The  upper  limits  of  enx-iron- 
mental  heat  and  humidity  tolerated  by  acclimatized  men  working  in  hot 
environments  '.  Joiinutl  of  Industrial  Hygiene  and  Toxicology,  Vol.  27, 
No.  3,  March,  1945. 
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18  to  80  years  and  who  had  been  eidiflted  at  army  volunteers 
(Table  VI).  Farthermore,  it  was  noted  that  (a)  at  the  upper  limits 

Table  VI 

U.S.  Abmy  Tbsts 
Limiting  Wet  Bulb  Temperatures  ^'F. 

Relatively 

Easy  DifflouU  Impoaaibie 

Completely  saturated  enyiiomnent     92*6  94*0                 96*0 

120**  F.  diy  bulb  temperature 90-0  92-0                 940 

sweating  was  extremely  profuse ;  most  men  averaging  2-26  litres 
per  hour  and  some  reaching  8*5  litres  per  hour ;  and  (b)  acclimatized 
men  working  above  the  upper  environmental  limits  developed 
marked  physiologic  changes,  and  undesirable,  frequently  disabling, 
symptoms  similar  to  those  sustained  by  unacclimatized  men  when 
first  working  in  the  heat. 

In  commenting  on  Table  VI  he  suggested  that  it  was  hardly 
applicable  to  conditions  in  South  Africa  or  those  in  the  Kolar 
mines,  for  a  variety  of  reasons,  two  of  which  might  be  cited : 
(1)  the  posture  of  men  in  mining  operations  was  different  from 
that  of  the  United  States  Army  tests  and  the  work  rates  were 
likely  to  be  very  different ;  and  (2)  the  mean  radiant  (confining 
wall)  temperatures  were  different ;  thus  in  mining  they  were 
above  the  dry-bulb  air  temperature,  not  below  as  noted  in  the 
United  States  Army  tests  (the  effect  would  be  to  make  a  lower 
wet-bulb  temperature  necessary  to  counteract  this  in  mining). 

As  a  very  rough  comparison  with  the  United  States  Army 
tabulation,  the  present  author's  figures  might  appear  as  in  Table  VII 
for  the  air  velocities,  basic-  rate  of  work,  etc.,  used  in  the  Kolar 
experiments.  Those  figures  should  constitute  a  useful  guide  to 
mining  engineers  and  no  doubt  others  would  bring  forward  data 
to  support  or  modify  them  in  the  future.  Thus  he  hoped  for  a 
more  detailed  analysis  of  Dr.  Caplan's  and  Mr.  Lindsay's  work 
from  Mr.  Barenburg  of  their  organization  in  Johannesburg  and 
he  would  not  attempt  to  anticipate  his  figures. 

Table  VII 

KOLAB   GOI^DFIBLD    TeSTS 

Limiting  Wet  Bulb  Temperatures  "  F. 

100 per  cent       QOpercent  0 per  cent 

ConHntwua      ConHnuoue  Continuous 

Work               Work  Work 

For  Kolar  enviromnental  conditionB     83*0                 90*0  93*0 
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Professor  E.  Ju  Kiiig*>  said  he  was  partioularly  faappr  to  be 
.present  at  the  meeting  and  to  hear  the  paper  beoatise  it  Waa  alikioet 
exactly  a  year  since  he  had  visited  the  Kolar  goldfield.  He  had 
heen  very  impressed  with  the  cooling  plant  on  that  field,  which 
pumped  a  quarter  of  a  milUon  cubic  feet  of  refrigerated  air  per 
minute  down  the  mines.  When  he  went  down  the  shaft  it  seemed 
very  cold  indeed,  but  when  he  got  down  to  the  working  levels  it 
became  hotter  and  hotter.  One  wondered  how  men  could  stand 
such  temperatures,  but  they  were  working  there  and  apparently 
quite  comfortably.  The  atmosphere  appeared  to  be  bone  dry  and 
this  probably  accounted  for  the  abihty  of  the  workers  to  withstand 
the  heat.  The  absence  of  any  moisture  and  the  lack  of  visible 
dust  were  the  two  things^  which  impressed  him  most. 

Professor  King  then  gave  details  of  an  experiment  carried  out 
by  Hynes  in  India  to  tQst ,  the  effect  of  exercise  in  the  heat.  A 
concrete  platform  about  18  in.  off  the  ground  was  used  and  the 
men,  weighted  with  bags  of  stones,  stepped  up  and  down  for  six 
.minutes.  It  was  interesting  to  see  how  men  in  different  stages  of 
recruitment  could  stand  that  exercise.  Men  who  had  only  been  in 
service  for  a  few  weeks  stood  it  possibly  for  two  minutes;  men 
who  had  been  in  service  for  several  months  would  hesitate  after 
about  three  minutes  but  would  rally  with  encouragement  and 
complete  the  six  minutes  ;  and  men  who  had  been  in  service  for 
several  years  would  complete  the  six  minutes  without  faltering. 
By  every  medical  test  applied  all  these  men  were  equal,  but  there 
was  some  physiological  difference  between  them  which  was  not 
properly  understood — the  difference,  in  fact,  between  a  man  in 
training  and  a  man  not  in  training.  Recent  work  in  Switzerland 
suggested  that  the  difference  might  be  associated  with  the  cyto- 
chrome-C  content  of  muscle. 

Ideas  as  to  the  effect  of  heat  on  the  human  body  were  changing. 
A  lot  had  been  learned  during  the  war  and  they  knew  that  there 
came  a  time  when  the  body  could  no  longer  get  rid  of  the  heat 
that  it  had  to  get  rid  of.  When  the  temperature  rose  much 
above  106°,  it  was  apparently  not  possible,  in  a  great  many  cases 
at  least,  for  th(»  temperature  to  come  down  again.  The  man 
suffered  from  heat  stroke,  and  often  died,  because  his  heat  con- 
trolling mechanism  had  failed. 

It  is  work  such  as  they  had  listened  to  that  afternoon  which  is 
helping  to  elucidate  the  still  obscure  physiological  mechanisms 
concerned  in  the  control  of  body  temperature,  and  which  would 
lead  to  a  better  understanding  of  the  factors  involved  in  the 
adaptation  of  human  beings  to  difficult  environments. 

♦British  Postgraduate  Medical  School. 
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'  Mr«  S.  £•  Taylor  eaid  that  the  anthora  ware  toTbe  oongratulated 
tm  abiek  investigation  into  the  effect  of  atmospherie  oonditiona  on 
theeffioiency  of  oertain  mine^workers.  As  a  pieoe  of  research  work, 
its  importance  lay  as  much  in  the  method  as  in  the  results.  For 
much  research  laboratory  work  was  essential  and  effective,  but 
for  research  into  the  working  efiEtciency  of  human  beings  it  was 
almost  impossible  to  reproduce  in  the  laboratory  all  the  conditions 
at  the  working  place.  However,  the  difficulties  of  research  under 
working  conditions  were  great,  and  the  impedance  of  the  method 
adopted  by  the  author  lay  in  the  way  in  which  those  difficulties 
were  overcome  and  in  the  adoption  of  a  task  which  was  a  perfectly 
normal  one  for  the  mine- workers  concerned.  As  regarded  the 
resnlts,  it  was  almost  more  important  to  find  the  optimum  conditioxis 
for  efficient  work  than  to  find  the  condition  when  efficiency  fell 
off  and  when  efficiency  ceased.  /■    -  ■  [ 

In  designing  an  air-conditioning  plant  for  the  ventilation  of  a 
mine  it  was  necessary  to  decide  upon  the  temperature  and  condition 
of  the  air  that  it  was  desired  to  produce  in  the  working  place.  With 
a  clear  knowledge  of  the  optimum  atmospheric  condition  for 
efficient  work  and  the  condition  when  efficiency  began  to  fall  off 
it  was  possible  to  design  an  air-conditioning  plant  with  some 
confidence  that  it  would  result  in  the  maximum  efficiency  being 
obtiiined. 

It  seemed  probable  that  the  optimum  condition  for  efficient  work 
would  be  foun^d  to  vary  in  different  parts  of  the  world  owing  to 
the  differing  environmental  conditions  in  which  labour  was 
accustomed  to  live.  It  was,  therefore,  desirable  for  experiments  to 
be  devised  and  conducted  in  all  mines  where  an  improvement  in 
conditions  might  be  expected  to  result  in  improved  efficiency.  In 
any  mine  where  it  was  found  that  the  conditions  differed  consider- 
ably from  the  optimum  conditions  for  efficient  work,  it  was  probable 
that  air  conditioning  would  prove  advantageous  economically 
and  at  the  same  time  beneficial  to  the  health  of  the  workers. 

Mr.  Thomas  Pryor  said  that  as  a  result  of  their  experience  the 
authors  of  the  paper  considered  that  for  Kolar  the  wet-bulb  tem- 
perature was  a  reasonably  accurate  index  of  comfort  conditions 
underground  and  definitely  a  better  index  than  the  wet  kata 
reading.  He  earnestly  hoped  that  this  finding  of  the  authors 
would  not  result  in  any  tendency  to  discontinue  measuring  air 
velocities  in  working  places  underground.  In  his  opinion  it  was 
always  essential  to  measure  and  record  three  factors — dry-  and 
wet-bulb  temperatures  and  the  air-velocity — to  provide  the 
necessary  information  to  control  comfort  conditions.     At  Kolar 
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the  high  temperatucee  and  drynees  of  the  aor  in  Khe  deep  lefvels 
eansed  air  velocity  to  have  lees  e£Fect  than  in  minee  where  the  air 
wae  more  humid  and  lower  in  dry •balb  temperature^  but  at  Kolar, 
as,  indeed,  in  all  mines,  it  was  the  ventilating  eurrent  xdiioii  must 
remove  heat  and  dust  out  of  the  mine. 

It  was  useful  to  have  some  single  index  figure,  although  only  an 
approximation,  to  compare  comfort  conditions  at  one  place  with 
another.  So  many  diverse  factors  affected  human  comfort  and 
efficiency,  and  conditions  varied  so  widely,  that  it  was  a  vain 
endeavour  to  seek  a  relative  index  which  would  be  really  precise. 
It  was  far  more  important  to  have  a  clear  grasp  of  the  measureable 
factors  which  affect  comfort.  He  was  glad  to  see  that  the  authors 
recommended  the  wider  use  of  the  effective  temperature  scale  in 
mining,  for  the  effective  temperature  chart  did  bring  out  the 
important  features  that,  where  wet-bulb  temperatures  were  below 
88^  F.,  the  velocity  of  the  air  had  a  marked  effect  on  comfort 
conditions ;  that  the  cooling  effect  of  air  velocity  diminished  as 
dry-  and  wet-bulb  temperatures  increased  until,  for  certain  com- 
binations of  dry-  and  wet-bulb  temperature,  the  air  velocity  had 
no  effect  on  comfort ;  and  that  after  this  stage  had  been  reached, 
increased  velocity  increased  discomfort. 

The  authors  remarked  that  the  '  effective  temperature  scale 
drawn  up  by  the  originators  does  not  reflect  sufficiently  the  bene- 
ficial effects  of  air  movement  at  higher  ranges  of  temperature  *  and 
his  own  impressions  at  Kolar  confirmed  this.  The.  difficulty  would 
probably  disappear  by  employing  the  effective  temperature  chart 
corrected  for  environmental  warmth,  as  was  used  in  the  Navy, 
where  comfort  and  efficiency  conditions  in  high  temperatures  had 
received  much  study.  Modern  ships  of  war  carried  engines  of  ver}* 
large  horse-power  installed  in  cramped  spaces,  and  the  heat  radiated 
from  these  engines  was  a  serious  problem.  In  consequence,  in 
certain  compartments  of  the  ships,  especially  when  the  men  were 
at  action  stations  below  deck  in  tropical  waters,  the  ventilation 
conditions  could  be  very  uncomfortable.  The  problem  of  heat 
radiated  from  the  surroundings  in  which  men  work  applied,  of 
course,  also  to  mines  like  Kolar  where  the  temperature  of  the  rock 
was  high.  At  Kolar,  initial  rock  temperature  was  148°  F.  at  9,000 
ft.  vertical  depth  and  increased  1°  F.  per  111  ft.  of  additional 
depth.  The  Navy  corrected  the  effective  temperature  for  environ- 
mental warmth  by  using  globe-thermometer  readings,  which  recorded 
the  radiated  heat,  instead  of  ordinary  dry-bulb  thermometer 
Headings.  The  disadvantage  was  that  a  globe  thermometer  required 
20  minutes  to  acquire  and  record  the  temperature  of  the  surround- 
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ingg.  Full  partioulars  were  given  in  a  booklet  recently  published 
by  H.M.  Stationery  Office  for  2».  Sd.,*^  including  beautifully-printed 
large-scale  efifective  temperature  charts  which  should  find  a  place 
on  the  walls  of  every  mine  survey  office.  This  booklet « contained 
much  information  of  value  and  interest  to  those  who  were  con- 
cerned with  deep  and  hot  mines. 

When  one  was  considering  the  factors  affecting  efficiency,  it  was 
the  human  and  psychological  factors,  not  directly  measurable, 
which  had  more  effect  on  the  workers  than  the  actual  temperature 
and  humidity.  The  low  output  remarked  on  by  the  authors  as 
having  taken  place  in  a  main  level  where  comfortable  conditions 
prevailed  was,  in  his  opinion,  more  due  to  other  human  factors 
than  to  the  fact  that  the  South  Indian,  acclimatized  to  hot  working 
places,  did  not  like  to  work  in  relatively  cool  conditions. 

They  now  knew  a  good  deal — and  the  effective  temperature 
ehart  summarized  much  of  the  necessary  knowledge — about  the 
physical  conditions  which  were  required  for  reasonable  physical 
comfort,  but  their  knowledge  of  the  social,  political,  and  psycho- 
logical factors  affecting  efficiency  and  output  was  less.  When 
stealing  with  the  physical  conditions,  they  knew  that  acclimatization 
to  the  surroundings  played  a  great  part  in  the  efficiency  of  the  worker 
— but  no  acclimatization  was  at  present  possible  as  regards  the 
social  and  political  conditions,  for  in  every  country  labour  would 
not  return  to  pre-war  standards.  The  new  conditions  demanded 
new  methods  of  approach,  especially  in  India,  where  the  attitude 
of  labour  had  been  profoundly  affected  by  the  war  and  by  the 
political  changes  now  in  progress.  It  was  necessary  for  the  human 
factors  to  be  studied  with  no  less  zeal  and  interest  than  had  been 
paid  to  the  physical  factors  of  temperature,  humidity,  and  air- 
velocity,  and  he  knew  that  Mr.  Lindsay  had  much  at  heart  the 
>  importance  of  the  human  factors  on  the  well-being  and  effectiveness 
of  labour. 

Sir  Thomas  Holland  said  that  he  could  not  find  in  the  paper 
any  reference  to  the  barometric  pressure.  In  mines  differing  in 
depths  there  must  be  differences  in  pressure  and  corresponding 
difference  in  the  amount  of  oxygen  which  a  man  could  take  with 
•each  breath.  Mr.  Lindsay  had  stated  that  his  findings  were  at 
variance  with  those  of  other  workers  and  had  given  a  quotation 
from  Haldane,  going  on  to  say  that  this  quotation  emphasized  the 
inaccuracv  of  Haldane's  earlier  belief  that  at  86°  F.  wet-bulb 

•War  Memorandum  No.  17  '  Enviromnental  wannth  and  its  moasure- 
ment ',  issued  by  the  Medical  Research  Council  for  the  use  of  the  Royjd 
Navy. 
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temperature  hard  work  was  virtaaU7  impossible.  He  woold 
imagine  that  if  they  compared  the  depths  at  which  the  ezporioiMits 
were  made  at  Kolar,  or,  alternatively,  the  barom^toie  pressure, 
with  the  depth  or  barometric  pressure  of  the  experiments  condacted 
by  Haldane,  the  result  would  not  show  any  great  difference. 

Mr.  Lindsay  said  he  would  Uke  to  thank  all  those  members 
who  had  taken  part  in  the  discussion ;  it  was  very  gratifying  that 
the  paper  had  raised  so  much  interest.  The  actual  temperatiu:e 
gradients  at  Kolar  were  V  for  every  172  ft.  to  a  depth  of  5,000  ft. 
and  then  T  for  every  115  ft.  down  to  9,000  ft. 

He  thought  perhaps  the  reference  to  Dr.  Haldane  was  rather 
misunderstood.  In  the  paper  they  suggested  that  at  88^  wet-bulb 
efficiency  fell  off,  but  they  discovered  that  the  Indian  worker 
could  still  produce  very  hard  physical  work  at  a  temperature  of 
95°  wet-bulb,  and  they  suggested  that  the  difference  might  have 
been  due  to  the  fact  that  Dl-.  Haldane's  men  were  working  in  a 
<5oal  mine,  whereas  '  the  subjects  they  were  dealing  with  were 
Indians,  used  to  high  temperatures  from  birth  and  accUmatised 
by  years  of  working  under  hot  underground  conditions.  They  had 
not  referred  to  barometric  pressure  because  they  had  not  so  far 
considered  that  barometric  pressure  had  any  real  effect  on  workers 
underground.  However,  there  was  some  difference  of  opinion 
amongst  various  mining  engineers  on  the  field  regarding  that  point, 
and  some  engineers  contended  that  at  certain  barometric  pressures 
there  was  a  marked  decline  not  only  in  the  efficiency  of  the 
workers,  but  in  their  own  efficiency.  At  certain  depths  they  main- 
tained that  they  did  not  feel  physically  fit  when  making  their 
daily  round.  It  was  a  subject  which  they  had  not  investigated, 
but  it  might  warrant  further  investigation. 

Mr.  Sydney  Taylor  had  brought  out  a  point  which  was  very 
material — that  it  was  just  as  important  to  find  out  what  the 
optimum  temperature  was  for  efficient  work.  The  100  per  cent 
line  they  had  drawn  might  not  necessarily  be  the  line  at  whicH 
tliey  could  get  the  most  out  of  their  labour. 

A  cordial  vote  of  thanks  to  the  authors  of  the  papers  was  carried 
bv  acclamation. 


CONTRIBUTED  REMARKS. 

Mr.  B.  R.  Lawton*  :    The  authors,  when  (juoting  my  paper  (^)t. 

express  a  desire  to  learn  whether  my  remarks  to  the  effect  that 

acclimatized    men    '  can    work    quite    efficiently  '    at   a   wet-hulb 

temperature  of  88*^  F.  imply  the  performance  of  efficient  work  in 

an  environment   having  an  effective  temperature  of  90°.      They 

•British  Colliery  Ownors'  Research  Association. 

t Figures  in  parentheses  refer  to  the  bibliography  given  on  p.  42. 
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state  that  the  calculated  effective  temperature  for  some  of  the 
working  places  with  a  wet-bulb  temperature  of  88°  F.  described  in 
my  paper  is  90°.  Their  estimate  is  correct  for  the  particular  case 
(Ref.  No.  25  Table  I)  (*),  where  the  wet-bulb  temperature  was 
88°  F.  and  the  air-velocity  200  ft.  per  min.,  but  I  neither  stated 
nor  impUed  that  efficient  work  was  being  performed  in  such  con- 
ditions. My  original  statement,  quoted  in  full,  reads  as  follows : — 
*  With  a  sluggish  air-current  and  a  wet-bulb  temperature  of  88°  F., 
the  conditions  are  definitely  uncomfortable,  but  with  air-movement 
of  about  400  ft.  per  min.,  the  wet-kata  coohng  power  is  11,  and  it 
has  been  observed  that  acclimatized  men  can  work  quite  efficiently  '. 
This  implies  that  efficient  work,  in  working  places  having  a  wet-bulb 
of  88°  F.,  can  only  be  performed  when  the  air-velocity  is  main- 
tained at  about  400  ft.  per  min.  Conditions  approximating  to  the 
above  hmits  were  given  in  Ref .  No.  26,  Table  I ;  they  were,  dry- 
bulb  temperature  91°  F.,  wet-bulb  temperature  88°  F.  and  air- 
velocity  320  ft.  per  min.  In  these  conditions  it  was  observed  that 
the  amount  of  work  performed  by  the  workers  compared  favourably 
with  that  done  in  adjacent  working  places  having  lower  wet-bulb 
temperatures.  Moreover,  the  men  were  only  partly  stripped, 
which  meant,  in  my  opinion,  that  they  did  not  find  the  conditions 
unduly  oppressive.  From  the  nomogram  on  p.  8  of  the  present 
paper  the  effective  temperature  of  this  working  place  was  84°,  and 
not  90°,  as  suggested  in  the  authors'  comments.  When  effective 
temperature  is  used  as  an  index,  my  original  observations  on  the 
subject  of  the  performance  of  efficient  work  at  high  wet-bulb 
temperatures  may  be  restated  as  follows  :  acclimatized  men  have 
been  observed  to  work  quite  efficiently  when  the  effective  temperature 
was  84°. 

Additional  support  for  this  opinion  was  forthcoming  during 
another  investigation  I  made  some  few  years  ago.  In  this  investiga- 
tion a  series  of  tests  was  carried  out  underground  in  a  return  airway 
where  the  air  temperature  was  constant  at  107°  F.  D.B.,  81-5°  F. 
W.B.  The  normal  air-velocity  was  280  ft.  per  min.,  but,  by  means 
of  a  suitable  regulating  device,  it  was  possible  to  increase  the 
velocity  of  the  air  flowing  past  the  subject,  who  pedalled  a  Martin's 
Ergometer  during  the  tests.  The  conditions  maintained  during 
the  tests  were  as  follows  : — 

(1)  The  working  periods  lasted  for  15  minutes.  The  total 
working  time  for  a  complete  test  was  1  hr.  15  min. 

(2)  There  was  a  rest  period  of  6  min.  between  working  spells 
during  which  time  the  pulse  rate  and  body  temperature — taken 
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orally — of  the  subject  wpre  observttd.  In  ana  teat  obHerratione  (iP 
Ih^  eubji>ot'8  skin  tomperaturo  were  obtained  ytiih  a  nonlact-l.Tp» 
thermo-juncHoij. 

ffi)  The  subject  endeavonreil  to  uiaiutaiii  a  ponstant  uorli 
output  of  4,000  ft.  lb.  per  miDute.  Thia  rupreFients  an  output  of 
180,000  ft.  Ih.  per  hour  when  due  allowance  is  made  for  rest  periods. 

It  IB  poBsibly  of  interest  to  contrast  this  rate  of  work  with  that 
done  by  the  subjecls  employed  in  the  work  tests  conducted  by 
Yagloii  and  McConnellC).  In  their  tt«t»  the  rate  adopted  wasi 
8,000  ft.  lb,  per  min.  and  an  hourly  rate  of  90.000  ft.  lb. 

I  made  aeveu  tests  at  air  velocities  ranging  from  29(1  ft.  per 
min.  to  1.010  ft-  per  min.— i,e..  over  an  effective  temperature 
rftnge  of  approximately  83°  to  86°.  No  sign  of  severe  exbuuation 
was  displayed  by  either  of  the  subjects,  but  both  complained  of 
tiredness  iu  the  legs  after  each  period  of  work.  There  was  no- 
abnormal  rise  in  body  temperature — -the  highest  temperature- 
being  99-9°  F.  after  75  min.  on  the  ergometer  in  an  air-cuireDt 
of  485  ft.  per  min.  Subject  W.  H.  during  four  tests  had  an  average 
body  temperature  rise  of  1-12"  P.,  whereas  J.B.  showed  an  average 
increase  of  only  0-35°  P.  The  rise  in  pulse  rate  also  varied  in  the 
two  subjects.  The  average  increase  in  the  pnlse  rate  of  W.& 
was  from  98  to  166,  or  63  per  cent  increase  ;  that  of  J.B.  was  from 
84  to  123,  i>r  ii  46  per  cnil  iiicTcii^c. 

Dr.  Caplan  notes  similar  variations  in  the  rise  in  poke  rat& 
and  body  temperature  of  different  individuals  and  suggests  that 
Mood  prmsure  would  be  a  more  reliable  index  when  considering 
limiting  conditions  for  underground  work.  In  my  investigation  I 
secured  only  one  set  of  readings  of  the  skin  temperature  of  the 
subject,  but  I  have  often  wondered  if  skin  temperatures  wouM 
serve  as  a  suitable  index  of  the  comfort  or  discomfort  experienced 
by  the  individual.  Would  Br.  Caplan  care  to  express  an  opinion, 
on  this  matter  ? 

In  conclusion  I  would  like  to  ask  the  authors  if  tbey  consider 

that  when  pri^resaive  dehydration  of  an  individual  oecurs  during. 

the  course  of  a  shift,  is  it  possible  for  certain  areas  of  the  exposed 

body  surface  to  become  dry  when  exposed  to  high  velocity  air- 

■  currents  of  low  humidity  and  high  dry-bulb  temperature  ? 

Beferencbb 

(>)  Lawton,  B.  R.  Abnoapherio  conditiom  in  Daep  Mines  {2Sth  Bspoi* 
to  the  Coromittse  on  '  The  Control  of  Atmoapberio  Conditioaa  in  Hot 
and  Deep  Mines  ').     Traru.  /ruin.  Min.  Kngri.,  Vol.  93,  Apr.,  1937.  p.  46. 

(•)  Ihid..  p.  42. 
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(*)  MoCoNNBiiL,  W.  J.  and  YAOiiOu,  C.  P.  *  Work  tests  oonduct^  in 
atmospheres  of  high  temperatures  and  various  hiunidities  in  still  and 
moving  air  *.  Trans.  Amer,  Soc,  Heat,  VerU,  Engra.,  Vol.  31»  1925, 
p.  102. 

Dr.  G.  G.  Douglas* :  The  information  given  in  this  paper 
is,  I  think,  of  Very  groat  interest  and  adds  materially  to  our  know- 
ledge about  the  relationship  between  high  environmental  tempera- 
tures and  man's  capacity  to  tolerate  such  temperatures  and  still  to 
do  useful  work.  Although  other  factors  may  come  into  play  it 
would  appear  that  under  extreme  conditions  the  wet-bulb  tem- 
perature still  holds  its  place  as  a  very  good  and  simple  criterion 
by  which  to  estimate  whether  or  not  particular  environmental 
conditions  are  tolerable  or  intolerable.  I  think  that  it  would  be 
well  worth  while  following  up  further  the  behaviour  of  blood 
pressure,  for  it  looks  as  though  this  might  prove  a  measurement  of 
some  importance. 

When  Haldane  in  1905  originally  stated  the  limit  of  wet-bulb 
temperature  which  could  be  tolerated  by  man  it  should  be  borne 
in  mind  that  the  figures  were  in  the  main  based  on  the  behaviour 
of  but  a  few  subjects  who  were  not  really  acclimatized  to  high 
temperatures,  for  I  do  not  think  that  either  Haldane  or  his  col* 
league  Boycott  would  have  claimed  at  that  time  to  be  accUmatized^ 
while  I  myself,  who  acted  as  a  subject  in  some  of  Haldane's  labora- 
tory experiments,  certainly  was  not.  The  significance  of 
acclimatization  subsequently  became  apparent  and  Haldane's 
early  figures  may  in  consequence  need  some  revision. 

A  difficulty  is  bound  to  arise  in  comparing  the  figures  obtained 
by  different  observers  for  the  reduction  of  efficiency  due  to  rise, 
of  environmental  temperature,  owing  to  the  fact  that  the  initial 
basis  for  the  computation  may  be  different  in  different  cases,  and 
this  difficulty  is,  I  think,  fully  recognized  by  the  authors.  If  under 
*  reasonable  *  conditions  one  group  of  men  naturally  works 
harder,  with  therefore  a  higher  rate  of  heat  production,  than 
another  group,  the  former  should  be  more  readily  affected  as  the 
environmental  temperature  begins  to  approach  the  intolerable 
level,  and  the  calculated  efficiency  of  these  men  will  fall  off  sooner 
and  more  rapidly  than  in  the  group  of  men  whose  natural  rate  of 
work  is  more  leisurely. 

Mr.  J.  H.  Hohnen :  I  would  Uke  to  ask  the  authors  if  their 
investigations   into   the  physical  reactions  of  mine  workers   to 

•Member  of  *  Control  of  Atmospheric  Conditions  in  Mines  *  Committee 
of  The  Institution  of  Mining  Engineers. 
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eonditions  of  extreme  heat  have  led  to  any  coneluaioDfl  onth^ 
mental  effects  of  oppressive  temperatores  at  depth.  In  an  eariier 
paper*  Caplan  explained  that  fatigue  is  due  to  a  combination  of 
many  factors,  and  adds  *  Imperfectly  oxygenated  arterial  blood 
(due  to  the  rapid  passage  of  venous  blood  through  the  longs) 
adversely  affects  the  higher  centres  in  the  brain  .  .  .*  This  state 
might  result  in  a  condition  of  carelessness. 

Spalding  and  Parkerf  concluded  from  earhest  results  of  the 
improved  air  conditions  at  Ooregum  that  there  was  a  marked 
'  reduction  in  the  number  of  trivial  accidents  that  occurred  under- 
ground '  and  said  that  *  it  had  been  noticed  for  some  years  that 
the  accident  rate  fluctuated  annually  according  to  the  temperature  '. 

It  would  seem,  then,  that  there  is  a  definite  point  at  which  mental 
efficiency  deteriorates  and  it  would  be  interesting  to  have  the 
authors'  views  as  to  the  temperature  and  periods  of  time  for  which 
fully-acclimatized  officials  and  workers  can  remain  100  per  cent 
alert. 

Mr.  Jack  Spalding :  The  question  as  to  the  best  indicator  for 
comparing  the  conditions  in  hot  working  places  is  an  important 
one  and  one  over  which  there  is  considerable  difference  of  opinion. 
An  indicator  should  be  such  that  readings  are  simple  to  obtain 
and  it  should  afford  a  true  comparison  of  the  various  conditions 
within  the  extremes  encountered  in  a  single  mine  or  group  of  mines. 
Since  racial,  climatic,  dietary,  and  other  extraneous  factors  vary 
the  quality  of  the  labour  employed  and,  therefore,  the  effect  of 
underground  conditions  on  that  labour,  true  comparisons  between 
conditions  in  mining  fields  in  different  localities  cannot  be  expected, 
and  such  figures  as  are  obtained  must  be  treated  with  reserve. 

Each  of  the  three  commonly-used  indicators  of  underground 
working  conditions  (the  effective  temperature,  the  wet  kata 
cooling  power,  and  the  wet-bulb  temperature)  have  various  advan- 
tages and  disadvantages,  and  in  selecting  the  indicator  to  be  em- 
ployed on  a  mine  these  should  be  considered. 

Effective   Temperature  Scale. — Scrutiny   of   this   shows    that    in 

saturated  or  nearly  saturated  atmospheres  small  changes  in  velocity 

cause  considerable  changes  in  effective  temperature,  whereas  the 

drier  the  air — that  is,  the  wider  the  difference  between  dry-  and 

wet-bulb  temperatures — the  less  is  the  effect  of  velocity.     Thus  at 

120°  F.  dry,  80°  F.  wet-bulb,  from  stagnance  to  1,500  ft.  per  minute. 

a  2°  fall  in  effective  temperature  is  shown  (from  90-4°  F.  to  88*4" ). 

Those  with  experience  of  such  conditions  know,  however,  that  that 

^Trans.  Insin.  Min.  MetcUl.,  vol.  153,  p.  154. 
fTrarw.  Instn.  Min.  MetalL,  vol.  149,  p.  578. 
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figure  is  entirely  erroneous.  Air  at  120°  F.  and  1,500  ft.  per  minute 
is  intolerable  after  a  certain  length  of  time,  because  sweat  is  dried 
from  the  body  quicker  than  it  can  be  formed,  so  that  eventually 
the  skin  becomes  dry  and  the  air  thereafter  has  a  net  heating  effect. 
This  is  greater  on  the  bare  skin  than  when  clothing  is  worn.  Actually 
in  air  at  120°  F.,  as  the  velocity  is  increased  above  500  ft.  or  600 
it.  per  minute,  the  effective  temperature  should  start  to  rise,  and 
both  with  and  without  clothing  at  1,500  ft.  per  minute  it  should 
be  not  88-4°  F.,  but  over  100°  F. 

This  large  error  in  the  effective  temperature  scales  is  due  to 
the  fact  that  they  were  constructed  from  the  observations  of  men 
passing  from  air  at  one  set  of  conditions  to  air  at  another ;  they 
were  based  on  the  momentary  feeling  at  the  change.  This  gives 
most  misleading  results,  for  on  the  one  hand  acclimatization  is 
neglected,  and  on  the  other  the  record  is  made  before  the  man's 
body  has  had  time  to  accustom  itself  to  the  new  conditions — that 
is,  before  the  pulse  rate,  blood  pressure,  and  volume  of  sw^at 
produced  have  settled  down  to  those  new  conditions.  The  effective 
temperature  scale  is  therefore  definitely  not  to  be  recommended 
for  hot  dry  mining. 

In  order  to  allow  for  radiated  heat  a  corrected  effective  tempera- 
ture scale  has  been  devised,  in  which  the  difference  in  temperature 
between  the  containing  walls  and  the  air  is  taken  into  account. 
In  the  majority  of  mine  workings  this  extra  complication  is  not 
necessary,  for,  in  all  but  newly-opened  ends  in  rock  at  high  tem- 
perature, the  temperature  of  the  rock  surface  is  found  to  be  within 
s,  degree  or  so  of  the  air  temperature,  provided  of  course  that  no 
sudden  change  has  been  made  in  the  ventilation. 

Kata  Thermometer. — The  chief  disadvantage  of  this  instrument 
is  the  lack  of  simplicity  in  operation — with  thermos  flasks  of  hot 
water  and  stop  watches  it  is  the  instrument  of  a  specialist  and  not 
of  the  mine  executive  on  his  rounds.  It  is  therefore  only  suitable 
for  large  mines. 

In  the  majority  of  mine  workings  the  air  velocity  hes  within 
fairly  narrow  limits.  Complete  stagnance  is  never,  or  should 
never,  be  encountered.  In  >all  workings  there  is  a  sUght  drift  of 
air,  and  the  movements  of  men  at  work  increase  this  to  the  equiva- 
lent of  at  least  100  ft.  per  minute.  Since  men  seldom  have  to  work 
in  high  velocities,  it  can  be  said  that  in  general,  therefore,  the  air 
velocity  in  most  workings  lies  between  100  ft.  and  (say)  600  ft. 
per  minute.  In  many  mines  those  Umits  can  be  narrowed  still 
further. 
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Except  io  mines  where  the  air  is  near  saturation  it  is  totind  that 
the  kata  thermometer  pays  far  too  much  attention  to  the  air 
velocity,  which,  between  the  above  limits,  does  not  have  a  very 
great  effect  on  the  conditions.  In  air  near  saturation  on  the 
other  hand,  air  velocity  is  of  paramount  importance  and  the  kata 
thermometer  is  there  a  fair  indicator  of  the  true  condition. 

Wef-Bidb  Temperature. — The  great  advantage  of  this  indicator 
is  its  extreme  simplicity — a  single  straightforward  reading  and  the 
answer  is  obtained.  For  this  reason  alone  it  has  much  to  recommend 
it.  Its  disadvantages  are  that  it  takes  no  account  of  the  dry-bulb 
temperature  in  hot  dry  mines  nor  of  the  velocity  in  both  wet  and 
dry  mining. 

Between  the  different  workings  in  a  hot  mine  the  variations  in 
dry-bulb  temperature  are  not  great  and  usually  lie  within  a  range 
of  10°  to  15°  F.  Such  a  small  range  of  dry-bulb  temperature  does 
not  greatly  affect  tht»  condition  of  the  working.  Within  the  limited 
range  of  air  velocities  mentioned  this  factor  also  is  comparatively 
unimportant,  so  that  in  the  majority  of  mines,  expecially  those 
wliich  are  dry  or  semi-dry,  the  wet-bulb  temperature  is  the  best 
indicator  of  the  condition  of  the  working  places. 

(  onclusion,— For  routine  work  in  a  single  mine  or  group  of  similar 
mines  the  wet-bulb  temperature  is  the  simplest  indicator  and 
^Mv»*s  a  suffioiontly  accurate  comparison  between  the  conditions 
ill  tho  various  workings.  In  dry  or  seiui-dry  mining  it  gives  a 
tnu-r  indication  of  those  conditions  than  either  of  the  other  methods. 
[ji  wet  milling  the  kata  tlieriiionieter  and  the  effective  temperature 
scal«'  are  widely  iisrd,  hut  if  both  are  applied  to  the  same  mine 
tlirir  findings  aie  sometimes  at  variance.  This  suggests  that  one 
at  h'i\>i  is  inaciMirate.  That  most  open  to  suspicion  is  the  effective 
trinpeiature  scale,  as  being  the  more  artificial.  Of  the  two  the 
kata  thcriiioiiieter  is,  tlierefon*,  probably  the  better. 

WliJ'ii  conditions  hecoiiir  extreme  it  is  generally  agreed  that 
tile  iinportaiiee  nf  the  wet-biilb  factor  increases  until  it  completely 
iivi'rsliadows  thost*  of  dry-bull)  temp^'rature  and  air  velocity.  In 
surli  casi"<  it  alone  should  bi*  the  criterion  of  condition. 
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and,  after  nearly  60  yeais,  like  "Cassel  Brand"  High 
Crade  Sodium  Cyanide  it  is  still  unsurpassed  as  the 
means  of  recovering  gold  from  refractory  ores. 
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